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Abstract 
 
The Lewin’s Rail, a Near Threatened cryptic ground dwelling bird, inhabits wetlands 
containing dense emergent or fringing vegetation. The populations are disjunct and exist 
between Kangaroo Island (SA) and Townsville (Qld) and all around the Southern and 
Eastern coast of mainland Australia. It is a poorly studied bird and little is known about 
its ecology, however literature suggests that vegetation structure is the key element to 
Lewin’s Rail habitat use. In recognition of upcoming major construction in and around 
known Lewin’s Rail habitat at Brisbane Airport, Brisbane Airport Corporation (BAC) 
wanted to minimise the impact of construction and where possible, maintain habitat 
integrity. This thesis is result of the research commission by them to identify the Rail 
habitat features and minimise disturbance.  
 
Extensive vegetation surveys and bird surveys were carried out between April 2007 and 
November 2008. Of the three types of Lewin’s Rail calls “kek kek’, “squeaky door” and 
“grunt” the “kek kek” is understood to be the territorial call. The birds are very cryptic 
so this call was used for call playback in order to establish presence/absence at 90 
different locations within 15 defined sites across the BAC study area. These data were 
used to make comparisons of habitats that were, or were not, utilised and were analysed 
for seasonal and daily variation. Birds were more likely to respond to call playback in 
the 15 minutes before and the hour after dawn, with the “squeaky door” being the most 
common response, closely followed by the “kek kek”. The “grunt” was heard much less 
often. There was a strong seasonal pattern with responses most common at the 
beginning of the breeding season around July and continuing until the end, around 
February. The 2007 data suggested that 8 different call playback site visits were 
required in order to be confident of absence. However, once the 2008 data were 
incorporated, this was revised to 11 site visits. With two researchers required for each 
site visit, this is time intensive and does not provide any information regarding natural 
calling activity. In 2008 remote sensors became available and were used to measure 
unsolicited calling activity. They were deployed across four areas of the study site and 
automated analysis was developed for the “kek kek” calls. Like the call playback 
results, the automated analysis of the remote sensor data also showed that the "kek kek" 
calling activity is most common in the 15 minutes before and the hour after dawn. The 
birds were not naturally prolific callers, showing high variability and no seasonal 
pattern. Only the “kek kek” calls were analysed, if automation were developed to 
identify the other two calls there would be more scope for more detailed analysis of 
natural calling behaviours. Certainly the remote sensors are a much more cost effective 
way of testing a site than the more labour intensive call playback. 
 
The analysis of the vegetation structure examined the spatial variability of habitat in 
which the Rails were found and compared it to available habitat where they were not. 
Measurement of vegetation structure found that lateral and horizontal vegetation density 
to 60cms were the key vegetation attributes at sites where they were present. The birds 
were usually present in tall grassland but other vegetation types with matching density 
levels were sometimes utilised, although it was not clear whether this was as a result of 
displacement after a wildfire in April 2007. It is likely that predator avoidance is the key 
factor behind vegetation structure influencing habitat use, and this is supported by the 
literature. 
 
In addition to vegetation structure, other factors that may be affecting habitat use were 
examined. These included soil moisture levels and food availability. Lewin’s Rail feed 
by probing the substrate so in addition to soil moisture, ground hardness was also tested 
and compared across sites where Rails were found and sites where they were not. No 
relationship was found between soil moisture or soil hardness and the presence/absence 
of birds. Comparison of invertebrate diversity and abundance across sites where Rails 
were present and sites where they were absent not showed a significant variation in 
capture rates within test sites. Of the 11 groups of invertebrates analysed only isopods 
showed significant variation, with more abundance evident at sites where Rails were 
present. While abundance of some invertebrate groups is likely to be important for these 
Rails there is no strong indication that habitat use is driven more by food availability 
than by the structural aspects of habitat. 
 
The study site was disturbed by a wildfire at the start of the research in April 2007. This  
provided an opportunity to observe the response of potential habitat to fire. A year of 
high rainfall ensured that the predominantly phragmites (Phragmites australis) based 
habitat recovered quickly, although woody weeds were quick to take hold immediately 
after the fire, before the grasses had begun to increase in density. The regular 
measurement of the fire regrowth vegetation along with regular call playback surveys 
identified that when the Rails returned to the area at the end of October 2007, there was 
an increase in the lateral and horizontal density to 60cms. This reflects the data found 
from vegetation surveys at non fire affected sites, where Rails were detected. There is a 
history of fire events in the area and this impacts how the habitat patches should be 
managed in relation to fire management in the future.  
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Chapter 1 Introduction 
 
1.1 Project overview 
 
In order to meet the growing demand for access to, and use of, Brisbane Airport the 
Brisbane Airport Corporation (BAC) has committed around $2.5 billion toward 
infrastructure over the next 10 years. This infrastructure includes new roads, new 
terminals, a new runway system and the development of aviation-related industry 
precincts. All of this proposed infrastructure will require a huge amount of construction 
and as part of the planning process BAC commissioned, in 2004, an Environmental 
Impact Assessment (EIA). Part of the EIA was a comprehensive faunal study (Drury, 
2004). This study found a Near Threatened (as defined by the Environment Protection 
and Biodiversity Conservation Act 1999) bird species, Lewin’s Rail (Lewinia pectoralis 
pectoralis), in and around many of the proposed construction sites. BAC is keen to 
minimise the impacts of the construction upon the Lewin’s Rail habitat and, where 
possible, maintain the habitat integrity and provide measures designed to protect the 
existing population. This research was commissioned to identify the main features of the 
Lewin’s Rail habitat, better understand how the birds utilise that habitat and suggest 
how to minimise the impacts of the disturbance of construction upon the Rail 
population. 
 
1.2 The term “habitat” 
 
Why are Lewin’s Rails found in one habitat rather than another? To begin to find 
answers we can draw direction from the general theory of habitat selection. “Habitat” is 
a widely used term in ecology and can be used to describe widely different scales, from 
an individual foraging patch, to a biome (Davis, 1960; Orians and Wittenberger, 1991; 
Morris, 2003). Caughley and Sinclair (1994) define “habitat” as all of the physical 
attributes of an environment that make it suitable for a species to survive. Measuring 
habitat however, is complicated by the fact that different populations of the same 
species can exist within very different environments (Rosenzweig, 1991; Morris, 2003) 
and the species distribution can be limited by the behavioural mechanisms of individuals 
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which prevent them from occupying their potential range (Begon et al. 2003). There is 
much discussion and ambiguity surrounding the application of the terms habitat, habitat 
use and habitat selection, particularly within avian ecology (Davis, 1960; Hildén, 1965; 
Hall et al. 1997; Jones, 2001; Fletcher and Koford, 2002; Mitchell, 2005). Further 
ambiguity and complication is added by the introduction of other ecological 
terminology such as micro, macro and core habitats.  
 
For the purposes of this study, habitat use is defined as the way in which a species uses 
specific aspects of the environment to survive and reproduce. Habitat selection is 
defined as the process by which individuals of a species select and occupy such a habitat 
as per Caughley and Sinclair (1994).  
 
1.3 Habitat selection 
 
The following overview examines the relationships between organisms, the 
environments within which they are typically found and the factors that can impact 
these relationships. It addresses habitat selection and general habitat use. Following this 
is a focus upon birds, the factors that can influence their choice of habitat and the 
potential impacts of disturbance. Lastly it investigates the possible requirements of the 
Lewin’s Rail and the potential threats that may be impacting upon it.  
 
Organisms tend to survive better in environments in which their survival and 
reproductive success are good; organisms that select less suitable environments are 
likely to have lower fitness. Individuals are likely to be absent from an environment 
because either they are unable to survive there or because they have not had access to it. 
An environment that provides the resources required to ensure the survival of 
individuals provides habitat for that species. In many species of birds, optimal habitat is 
occupied first; poorer habitat is left for juveniles and displaced individuals, who then 
wait for vacancies in the optimal habitat (Orians and Wittenberger, 1991). However this 
is a poorly understood process; correlations between habitat features and fitness may be 
difficult to assess (Orians and Wittenberger, 1991; Jones, 2001). As well as the 
morphology of an organism and its preferred diet, other factors dictate the habitat in 
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which is found. For example, a habitat that birds select must not only allow it to forage, 
avoid predation and establish territories, but it also must allow it to attract a mate, nest 
and raise young. 
 
Environments that we may consider to be very different may be treated identically by a 
bird species (Hildén, 1965; Krebs, 2001. Vegetation alone will not always determine 
where a bird species may be found. Levels of inter and intra specific competition, 
predator presence, disease and variability in resource levels such as food are important 
additional constraints (Cody, 1981; Rosenzweig, 1991; Orians and Wittenberger, 1991; 
Jones, 2001; Bruno et al. 2003). 
 
The numerous interactions that can contribute to the distribution of a species have been 
the subject of much research and discussion within ecology (Bruno et al. 2003). It is 
assumed that individuals select available habitat based on how attributes of that habitat 
might affect its fitness. Mean fitness is also assumed to decline with increasing 
population densities (Rosenzweig, 1981 and 1991; Morris, 2003; Fletcher, 2007). 
Increased densities result in increased competition for limiting resources and increased 
risk of predation. Individuals may avoid others in order to limit these negative 
interactions (Danielson and Gaines, 1987; Stamps, 1991). For example territorial 
behaviour can create shortages of suitable nest sites, resulting in large populations of 
“floating” individuals unable to obtain breeding territories (Côté and Sutherland, 1997; 
Hawkins and Berryman, 2000). As intraspecific competition increases, individuals are 
more likely to select less optimal breeding sites, effectively reducing their fitness 
through reductions in average survival and birth rates (Hildén, 1965; Rodenhouse et al. 
1997; Hawkins and Berryman, 2000).  
 
Birds may select habitat that is not suitable for all of their requirements. For example, 
patches that provide good foraging may not be ideal for cover or nest sites. This may not 
be initially evident to the bird until there is a change in the environment, such as a 
flooding event. Nest sites are critical resources, their selection often dominates other 
aspects of habitat selection and the reproductive success of a species can depend upon it 
(Clark and Shutler, 1999). A habitat selected where the nest site is situated some 
distance from suitable foraging patches incurs an increased exposure to predation 
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(Orians and Wittenberger, 1991). Gaines et al. (2000) cite studies in which Clapper Rail 
(Rallus longirostris) nesting habitat is thought to represent a trade-off between sites of 
higher elevations with sparse cover and lower elevations with dense cover. The higher 
elevations are less likely to be flooded but the dense cover of the lower elevations 
provides some predation protection. Hildén (1965) cites a number of studies which also 
support this, explaining that usually one key resource, like nest sites, will outweigh 
other resources, often resulting in birds selecting “sub-optimal” habitat in terms of those 
other resources. This prioritisation may be important, esearch indicates that nest 
predation is the major cause of reproductive failure in birds (Ricklefs, 1969; Martin, 
1993; Götmark et al. 1995). 
 
Clearly there has been much debate about the concept of habitat selection. Key issues 
yet to be resolved include: the agreement and use of standard terminology and 
definitions regarding their use; the use of available habitat; which habitat variables 
should be measured and also the measurement scale and method. 
 
1.4 Lewin’s Rail ecology 
 
Despite ongoing debate on habitat selection and habitat use, Lewin’s Rail is a poorly 
studied species and little is known about its ecology. As part of the family Rallidae it 
has three subspecies within Australia. The Eastern subspecies (Lewinia pectoralis 
pectoralis) is listed as Near Threatened under the Environment Protection and 
Biodiversity Conservation Act 1999 (EPBCA 1999) (Note – recent revision of Lewin’s 
Rail taxonomy has resulted in a change of genus name from Rallus to Lewinia 
(Christidis and Boles, 2008). Their populations are thought to exist between Kangaroo 
Island (SA) and Townsville (Qld) all around the Southern and Eastern coast of the 
mainland of Australia (Marchant and Higgins, 1993, 530). The Tasmanian subspecies 
(Lewinia pectoralis brachipus) is listed as Least Concern. The Western subspecies 
(Lewinia pectoralis clelandi) is listed as Extinct. It was confined to the South-Western 
corner of Western Australia and none were recorded during an intensive survey of 
wetlands in the early 1980s (Jaensch et al. 1988, cited in Garnett and Crowley; 2000). It 
is thought that this was a subspecies arising from early separation of refuges during an 
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arid period (Harrison, 1975) and its extinction is considered to be a reflection of its 
vulnerability to habitat change (Garnett and Crowley, 2000). There are seven other 
subspecies in Southeast Asia and the Pacific. Globally the species is listed as least 
concern (Garnett and Crowley, 2000).  
 
Marchant and Higgins (2003) summarised the literature noting Lewin’s Rail are known 
to inhabit permanent to ephemeral fresh, brackish or saline wetlands containing dense 
emergent or fringing vegetation. They are very cryptic, which has probably significantly 
contributed to the lack of understanding about their ecology. Their diet includes 
molluscs, arthropods and occasionally birds’ eggs and frogs and they generally only 
ever leave cover briefly to feed, preferring to stay hidden. They feed by probing the 
substrate, either swallowing on the spot or taking larger items to cover to manipulate 
before eating. Their social behaviour is poorly understood. They are thought to be 
solitary and territorial. They are generally observed singly or in pairs, with or without 
chicks (Marchant and Higgins 2003). There are no quantified data on the general clutch 
size but they build cup or saucer shaped nests close to ground level (10cm-60cm above 
ground level) hidden within dense vegetation and lay eggs in spring or summer. 
Marchant and Higgins (2003) go on to describe some nests that have domed vegetation 
canopies and defined runways into them. These structures are similar to those described 
for Auckland Island Rails (Rallus pectoralis muellen), Clapper Rails, Yellow Rails 
(Coturnicops noveboracensis) and Black Rails (Laterallus jamaicensis) (Elliott et al. 
1991; Popper and Stern 2000; Legare and Eddleman, 2001; Gaines et al. 2003). 
 
1.5 Other Rail research 
 
While there has been very little research on the Lewin’s Rail there has been research on 
other Rail species, particularly in the USA. Research on the Black Rail in Florida 
highlights many ecological similarities with the Lewin’s Rail: both are small; reluctant 
to fly; cryptic; inhabit dense marshes and are difficult to study (Legare and Eddleman, 
2001). The study found that because of the specific habitat requirements they were 
susceptible to water fluctuations and habitat disturbance. Black Rails and Clapper Rails 
select their habitat based on vegetation structure and water level rather than plant 
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species (Anderson and Ohmart, 1985; Legare and Eddleman, 2001). In fact for Virginia 
Rails (Rallus limicola) and Black Rails most nest failures were a result of flooding 
(Anderson and Ohmart, 1985; Eddleman and Conway 1994 – cited by Legare and 
Eddleman, 2001, Legare and Eddleman, 2001), but for the California Clapper Rail 
(Rallus longirostris obsoletus) flooding was only a minor contributor to nest failure 
(Schwarzbach et al. 2006).  
 
1.6 Comparison of available habitats at the study site 
 
This study compared the spatial variability of habitat in which the Lewin’s Rails were 
found, to habitats available for them to use, sampled randomly from the Brisbane 
Airport canal area and neighbouring Boondall Wetlands. This allowed inferences about 
choice but assumed that all parts of the study area were equally available. Jones (2001) 
highlights the problem of making comparisons with randomly selected sites without first 
taking into account territory use which may render some of the apparently “available” 
habitat unavailable. Ideally the assessment of habitat availability should be constrained 
to within territorial boundaries; this provides a more accurate assessment of the criteria 
used for habitat selection (Jones, 2001). As little is known currently about the territorial 
boundaries that the Lewin’s Rails select, these more accurate assessments of habitat 
selection are not possible. In their studies of the Yuma Clapper Rails (Rallus 
longirostris yumanensis) in the USA, Anderson and Ohmart (1985) recommend that 
data from as many different seasons as possible be included to try to clarify species and 
habitat relationships, so as to take into account seasonal and annual variations. This 
study includes two years of data. These data will be available for inclusion in ongoing 
studies, allowing temporal variations to be more clearly identified.  
 
1.7 Disturbance 
 
Another major part of the current research project was an investigation into the impact 
of temporary construction disturbance on Lewin’s Rail. An understanding of this impact 
will allow its effect to be minimised. There are three main types of disturbance that can 
impact bird species. These are: visual disturbances, such as the sight of humans or 
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nearby machinery; noise disturbances, such as construction and aircraft noise; and 
finally physical disturbances, such as hydrological changes, fire events, habitat loss, 
habitat fragmentation and pollution. 
 
Disturbance implies the interference with a settled state, either through influencing 
resource availability or by changing the physical environment (Begon et al. 2003). This 
can cause habitat loss where it renders an area unsuitable for occupation or use, or 
abandonment of a habitat that would otherwise be suitable for use. Throughout the 
period of the study there was a significant amount of disturbance. There was a major fire 
at the beginning of the study in April 2007. This event consumed up to 70% of what was 
thought to be Lewin’s Rail habitat on the study site. There has also been ongoing 
construction disturbance. This will continue with the commencement of construction of 
the new parallel runway scheduled for 2012. Construction and the associated increase in 
noise, pollution, dust and human presence have a major impact on the landscape. 
Studies by Findlay and Bourdages (2000) focus on the impacts of road construction 
through wetlands and the resulting restriction of movement of species. Construction and 
development at the Brisbane airport site does not directly impact on the main area where 
Rails were found in the ecological survey in 2004 (Drury, 2004), however it does bisect 
areas where Rails were located. In addition heavy construction traffic was utilising an 
unsealed road along one side of a large area occupied by Rails, increasing the noise, 
vibrations, dust levels and vehicle emissions.  
 
The construction of the Central Parking Area, to the south of a large area occupied by 
Rails involved the clearing of large swathes of a C. glauca plantation, the construction 
of an unsealed access road and the raising of the natural ground level by several metres 
through deposition of fill. Construction will continue with further areas raised and the 
digging of trenches on the south edge of the main Lewin’s Rail habitat area (Error! 
Reference source not found.) as a treatment for potential acid sulphate soils (PASS). 
The construction of the new parallel runway scheduled for 2012 will also bring 
increased noise levels, vibrations, dust, vehicle emissions and an increased level of 
human activity within the study site.  
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The availability of Lewin’s Rail habitat is likely to be influenced by the threat of 
predation, fire, and disturbance through construction. In addition, patch size and 
connectivity of patches are also factors that are likely to influence habitat use. Patch 
sizes within a metapopulation can vary, as do the dynamics of the populations that they 
contain. Different sizes of populations, however, will not necessarily reflect the patch 
size; they may be a direct result of the habitat quality within the patch (Begon et al. 
2003). In order for individuals to be able to disperse between patches there needs to be 
some connectivity. These patches may not necessarily need to be physically connected 
by contiguous habitat as a species may have a dispersal ability allowing individuals to 
access areas that are not structurally connected (Vogt et al. 2009). However, in terms of 
the number of sub populations, metapopulation size can be restricted if patch sizes are 
small (Bender et al. 1998; Davis, 2004) and if there is little or no connectivity between 
patches. Metapopulation size can be severely restricted if the patches are further apart 
than the dispersal ability of the species (Begon et al. 2003). Depending on the scale of 
Lewin’s Rail metapopulation structure, construction activity and the additional removal 
of vegetation may therefore have an impact on persistence of Lewin’s Rail on the 
Brisbane Airport site.  
 
1.8 Project aims 
 
The overall goal of this research was to provide BAC with information to facilitate the 
minimisation of contruction impacts and to protect the integrity of the present 
population of Lewin’s Rail.  The occurrence of a wildfire that burnt a large amount of 
habitat known to be used by the Rail in the previous ecological survey (Drury, 2004) 
provided an additional objective to the study.  Therefore the specific aims were to: 
 
1. establish the distribution of the Lewin’s Rail throughout the Brisbane Airport site; 
and  
2. measure the Lewin’s Rail calling rate activity and use this to establish any impacts of 
construction on calling activity; and  
3. establish the habitat requirements of the Lewin’s Rail at the site by comparing the 
habitat variables where Lewin’s Rail are present and where they are absent; and 
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4. examine the speed at which vegetation returned to structure suitable for Lewin’s Rail 
following fire. 
 
The thesis is separated into a number of chapters. Initially it examines the detection of 
the Lewin’s Rail at the study site using call playback and goes on to investigate natural 
calling rates and temporal variations. Although call playback is a standard method for 
surveying wetland birds (Prescott et al. 2002; Hinojosa-Huerta et al. 2002; Allen et al. 
2004; Sutherland et al. 2004; Rehm and Baldassarre, 2007; DesRochers et al. 2008; 
Richmond et al. 2008), passive surveys provide data based on natural calling 
behaviours. For this research innovative remote sensors with automated call recognition 
software were trialled. The collected data provides information on temporal variability 
in natural calling behaviours. It also provides an opportunity to investigate whether 
disturbance influences calling rates. The thesis goes on to investigate the differences in 
habitat where Rails are detected and where they are not using variables such as 
vegetation structure, soil moisture and foraging opportunities. Finally, it goes on to 
examine the recovery of the 2007 fire affected habitat. 
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Chapter 2 The detection of presence and of calling activity of the Lewin’s 
Rail 
  
2.1 Introduction 
 
In order to identify whether birds are present within a study area there are a number of 
established census methods available. The most suitable method can be determined by 
taking into account: the species itself; the habitat in the study area; the observer skills 
and the time and money constraints on the survey (Bibby et al. 1992). For cryptic 
species such as wetland birds call playback is a standard census method (Hinojosa-
Huerta et al. 2002; Prescott et al. 2002; Allen et al. 2004; Sutherland et al. 2004; Rehm 
and Baldassarre, 2007; DesRochers et al. 2008; Richmond et al. 2008). This involves 
broadcasting a recording of the species and listening to see if the broadcast elicits a 
response from nearby individuals. Field guides suggest that the Lewin’s Rail has a 
number of calls ranging from soft clicks, crowings and groanings (Simpson & Day, 
1996). However the commercial audio recordings of their calls clearly identify three 
calls, “kek kek”, “squeaky door” and a long “grunt” (Dave Stewart, Rare Fauna 
Sounds).  
 
Call playback can be carried out along transects or at defined points within a study area. 
Very few animal or plant populations can be censused so most ecological information 
comes from surveying a sample area and making estimates based on those samples. 
Krebs (1989) notes that it is often difficult to sample randomly due to a number of 
difficulties such as accessibility, so bias can creep in resulting in sample sites tending to 
be close to access paths or roads. There are a number of other ways bias can come into 
play. There can be differences in the observer skills, in their equipment or in the habitat 
itself. Habitat influences may include different noise and weather patterns. The birds’ 
behaviour itself may vary, for example their sensitivity to disturbance or times of 
activity.  
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In this study call playback was used to determine whether Lewin’s Rail was present or 
absent in different sites. This information was then be used to make comparisons of the 
habitats that they do and do not utilise. This method is labour intensive and may cause 
disturbance to the birds because it elicits a territorial response from them. Call playback 
also has limitations because, despite the territorial “kek kek” eliciting all three types of 
calls in response (the “kek kek, “squeaky door” and “grunt”), no inferences can be made 
about natural calling rates or types of calls. In order to understand what types of calls 
they use and how these vary spatially and temporally they must instead be “listened to” 
without being prompted. 
 
Ecological acoustic research, the use of sound and other biophysical information for 
assessing the dynamics of ecosystems, is a rapidly expanding field of research (Delarue 
et al. 2009). Remote sensors are being used to collect large amounts of data that would 
otherwise take highly labour intensive and often intrusive field methods.  With the 
advent of digital and mobile telecommunications technology large amounts of data can 
now be recorded and transmitted at different temporal and spatial scales with minimal 
need for the presence of researchers. Acoustic research is a novel field and is currently 
used in numerous ecological fields such as: the study of whale song in marine ecology; 
elephant vocalisations and biodiversity monitoring of acoustic data such as bird, bat and 
frog calls within ecosystems (Delarue et al. 2009; Mennill et al. 2006; Payne, 2004; 
Gage et al. 2001; Whitlow & Green, 1997). 
 
Remote sensors that can be programmed to make recordings of the environment at 
either specified times of the day or over the whole day could provide a huge amount of 
call data for analysis. If that analysis could then be automated so that researchers do not 
have to listen to it in “real time” but just identify potential Lewin’s Rail calls within the 
recordings, there would be significant time and cost savings in determining presence or 
absence of Rails at a site. There are few studies that have applied this new approach to 
an ecological question, and collaboration with the Microsoft QUT eResearch group 
(MQUTeR) at Queensland University of Technology, allowed the unique opportunity to 
deploy remote sensors to examine Lewin’s Rail calling activity. The aim of using the 
remote sensors was to provide data on the natural and unsolicited calling rates of the 
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Lewin’s Rail and to use that data to measure whether there were any differences in the 
calling rates in relation to proximity to construction disturbance. This was the first study 
to trial the MQUTeR remote sensor and acoustic recognition technology and software. 
 
This chapter examines in detail the call playback process and the use of remote acoustic 
sensors.  
 
2.2 Main Aims 
 
2.2.1 To establish the presence or absence of Lewin’s Rail a number of different areas 
of the study site. 
 
2.2.2 To establish the number of visits required to an individual site to confidently 
predict that the Lewin’s Rail are not present. 
 
2.2.3 To remotely record and identify Lewin’s Rail calls within their known habitat and 
measure any variation in calling rates associated with season, time of day and 
fluctuations in weather or background noise (such as construction noise) 
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2.3 Methods 
 
2.3.1 Study site 
 
Brisbane Airport (S27 23.0 E153 07.1) located at Eagle Farm in Brisbane, Queensland, 
Australia (Figure 2.1 Map detailing location of Brisbane Airport within Australia), is 
bounded by the Brisbane River to the East, the Kedron Brook floodway to the West, 
Bramble Bay within Moreton Bay to the North and the Gateway Motorway to the South 
(Error! Reference source not found. ￼). It is located approximately 13 kilometres 
North-East of the Brisbane CBD and encompasses a total land area of 2,700 hectares. 
The airport is located on part of what was the Brisbane River delta and on the flood 
plain of a number of catchments. Much of the land has been altered from previous land 
uses through major land reclamation and drainage works associated with Airport and 
other developmentsError! Reference source not found.2 . 
 
The main area where Lewin’s Rail were found in the 2004 ecological survey 
(highlighted in pink on Error! Reference source not found.) is located parallel to the 
Kedron Brook between Council land and the new Central Parking Area and is zoned as 
an Environmentally Significant Area  (Error! Reference source not found.). Although 
located at a number of sites around the airport, the Lewin’s Rail population was found to 
be concentrated in this area in the 2004 ecological survey. This area was later burnt a 
fire in April 2007 and the fire impacts and the recovery of this area is addressed in 
Chapter 4. 
 
The study site was the whole of the Canal Area detailed in Error! Reference source not found.. The study site was 
divided up into 15 different areas detailed in Figure 3.1 and Table 2.1 Details of areas used for the call 
playback study.  
Areas are shown in Error! Reference source not found.. To select areas, the 2004 faunal survey was 
used to identify where the Lewin’s Rail had previously been located. In addition, areas 
where the Lewin’s Rails had not been previously been located were also selected. Area 
selection was also based on variation in vegetation structure. Much of the study site was 
covered in plantations of swamp oak (C. glauca).  
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Within these 15 areas a total of 90 different call playback sites were established. The 
distribution of call playback sites within each area was determined by the size of the 
area, the distribution of access points (e.g. roads, tracks), and the need to minimise 
disturbance to the vegetation. The number of call playback sites within areas was also 
influenced by whether Rails had been detected in those areas in the 2004 survey (Drury, 
2004). This was done in an attempt to gather more detailed information about the 
distribution of Rails within areas. For example, within the main Lewin’s Rail habitat 
area (areas 6, 8, 11 & 13, Table 2.1) and neighbouring Council Land (areas 12 & 9, 
Table 2.1), call playback sites were placed approximately 50m apart around the 
boundary access roads to ensure that all the potential areas were covered and there were 
no “dead zones” where birds may be present but unable to hear call playback. In the 
areas where the Lewin’s Rail’s had been identified in the 2004 survey, call playback 
sites were also placed approximately 50m apart. Throughout the rest of the study area 
call playback sites were placed between 50m and 1km apart, depending upon structural 
changes within the vegetation. If vegetation in areas identified in the 2004 survey as not 
having Rails present remained structurally similar then call playback sites were placed 
up to 1km apart. If the vegetation structure changed, in height, dominant species or 
density then call playback sites were established much closer together to target the 
different structures. 
 
In the data analysis the four hour time slots (One hour pre dawn and three hours post) of 
call playback data were broken down into fifteen minute intervals in order to examine 
any fine scale patterns in the frequency of the different calls. 
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Figure 2.1 Map detailing location of Brisbane Airport within Australia 
 
Figure 2.2 Study Area at Brisbane Airport 
 
 ---------  Canal Area  
---------  Lewin’s Rail  main habitat area 
--------- Council land 
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Table 2.1 Details of areas used for the call playback study.  
Areas are shown in Error! Reference source not found.   
Area Size of area Number of call playback  sites 
1 4,500m2 7 
2 4,000m2 6 
3 1,500m2 3 
4 1,500m2 7 
5 180,000m2 2 
6 1,500m2 2 
7 80,000m2 4 
8 180,000m2 20 
9 40,500m2 8 
10 1,100m2 2 
11 100,000m2 4 
12 40,000m2 6 
13 100,000m2 14 
14 1,000m2 2 
15 1,500m2 3 
 
 
2.3.2 Use of call playback  
 
Bird survey techniques include using transects where observers travel through a number 
of transects within the study area noting all the species observed or heard (Sutherland et 
al. 2004). This method favours habitats that are easily accessed. For habitats that are 
fragmented or in difficult to access areas, there are point counts or circular plots where 
observers note all observations at defined points (Sutherland et al. 2004). For open 
habitats such as wader wetlands observers can use a scanning technique from a distance 
(Sutherland et al. 2004). All of these methods rely on the detectability of the bird 
species either visually or from calls (Bibby et al. 1992). If a bird species is very cryptic 
or irregular in its calling rate then the census methods described above will be biased 
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against them. There can also be bias in the technique employed from the number or 
location of sites, the distance between them or the time of day of the census (Bibby et 
al. 1992). Attempts were made in this study to try to minimise the effects of bias by 
rotating the times each call playback site was visited, standardising the distances 
between each of the call playback sites and using the same two researchers to conduct 
the surveys. 
 
The Environmental Protection Agency stipulates that animal ethics approval is required 
for all use of animals for scientific purposes. This includes research and environmental 
studies. In order to be able to use call playback an ethics permit was obtained through 
the QUT Animal Ethics Committee before the research commenced. 
 
In Queensland the Lewin’s Rail breeding season runs from August to January (Marchant 
& Higgins, 1993). In the first study year, 2007, call playback commenced at the 
beginning of August; in the second study year, 2008, call playback commenced in July. 
Assuming that territorial response is an indicator of breeding this was an attempt to 
identify when the breeding season commenced. 
 
To establish the Rails most active calling period initial call playback surveys were 
carried out at different times of the day at dawn, three hours after dawn and the hour 
leading up to dusk over a two day period.  Initially the greater response rate was during 
the 3½ hours after dawn. Regular call playback surveys were carried out twice weekly 
by three researchers. One researcher was present at all call playback surveys, the other 
two alternated according to availability. Surveys were carried out regardless of weather, 
unless it was raining heavily as this reduced the ability to detect any responses due to 
the noise of the rain upon the vegetation. Surveys were carried out throughout the 
breeding period. Call playback sites were visited, in rotation, at least once a fortnight. 
The sites were visited in different orders so that sites were visited at different times of 
the morning. Initially the study site was targeted from dawn onwards, twice a week 
starting in August 2007 when the breeding season was thought to commence. Site 
accessibility became an issue through the breeding season with the commencement of 
construction works. This resulted in an escort being required from the aviation security 
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team and the change over of their shifts meant our sampling would often start at least 
half an hour before dawn, providing additional response data. 
 
The recordings of the territorial calls were first placed onto an MP3 player (1st 
generation IPod Nano) so that they could be easily broadcast in the field. The “kek kek” 
call is understood to be the territorial or alarm call, often heard in response to other Rail 
calls, so this was used in the call playback process to elicit a response (Taylor and van 
Perlo, 1998; Skemp, 1955). 
 
In order to standardise the sampling method, a five minute listening period was included 
first, then thirty seconds of calls, a one minute listening period, thirty seconds of calls 
and a final one minute listening period. This process was based on similar call playback 
research into other Rail species (Allen et al. 2004; Richmond et al., 2008). This ensured 
that each site was sampled in the same way. The call was played using a small handheld 
speaker (Creative Travel Sound 400) and the two researchers stood up to 10 m apart, 
increasing the potential for detecting a response, particularly if the response was elicited 
during the calls from the call playback. 
 
Whether or not a response call was identified, the time, location, date and weather 
conditions were recorded. If there was a response then the type of call was noted, “kek 
kek”, “squeaky door” or “grunt”. 
 
2.3.3 Use of remote acoustic sensors 
 
Remote sensors developed by the MQUTeR group were deployed in areas where 
Lewin’s Rail’s were known to be present. The sensors consisted of an external 
microphone attached to a mobile phone capable of being programmed to record at 
specific times of the day and then transmit the data, via the phone network, to a central 
server. The phones were powered by a solar panel and separate battery and the whole 
unit secured in a steel lockable box cemented to the ground (Error! Reference source 
not found.)  
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The four sensors were installed over a period of two months from May 2008. Initially 
the sensors were set up to record for the three and a half hours after dawn. However this 
volume of data provided problematic to upload and to analyse. In November 2008 the 
sensors were reset to record for 10 minute intervals every 20 minutes after dawn for a 
total of three and a half hours.   
 
Three sensors were established within the main Lewin’s Rail habitat area which is 1ess 
than 1km away from the construction for the Central Parking Area where heavy trucks 
deliver fill and pile drivers are used. The fourth sensor was established 1.2kms away 
from the construction to determine whether these methods might be used to assess 
whether construction activity was influencing call rates (Error! Reference source not 
found.). The mean call rates were compared using a Friedman 2 way ANOVA for ranks 
test (Table 2.2) 
 
  
Figure 2.3 Remote sensor box showing solar panel and microphone 
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Figure 2.4 Study area showing 4 remote sensor placements in relation to construction site (yellow & black 
stripes) within Canal Area  
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Sensors 1, 2 & 3 were all located within 100m of each other in a triangular arrangement 
within the Northern end of main Lewin’s Rail habitat area. This area was the first part of 
the fire regrowth area where the birds returned and then continued to respond to call 
playback throughout the study. The habitat is within Area 8 detailed on Figure 3.1. This 
area has undulating runnels running parallel to each other about 1.5m apart. Each runnel 
is approximately 0.4m in height between the bottom of the runnel and the top of the 
ridge and after heavy rains the runnels remain flooded for a number of days. The 
vegetation is a mixture of different height grasses from small clumps of 0.3m up to 
some patches of large grasses and patches of P australis of up to 1.2m in height. There 
are woody weeds up to 1m containing large patches of lantana (Lantana camara) and 
occasional taller wild tobacco (Solanum mauritianum) and C. glauca stands. 
 
Sensor 4 was placed within Area 2 (detailed on Figure 3.1). This is the first area that 
Lewin’s Rails were confirmed to be present, from commencement of the post fire call 
playback and throughout  the two year study period. Bordered on one side by a sealed 
road, this area is predominantly impenetrable woody bramble thicket up to 1m high with 
level topography. There are also C. glauca stands and some small patches of low 
grassland up to 0.4m high. 
 
Automated analysis of the “kek kek” call was developed by Michael Towsey 
(MQUTeR) and used to process all of the downloaded recordings. The automated 
recognition was set to a low threshold, this ensured that more false positives were 
identified by the software and less true positives were discarded. A researcher then 
listened to each of the calls flagged as a possible Lewin’s Rail “kek kek” by the 
automated analysis, in order to validate or dispute the identification. Calls determined to 
be false positives were discarded and the number of true calls recorded along with their 
time and location.  
 
Unfortunately within the timescale of this research it was not possible to finalise the 
automated recognition of the other two calls, “squeaky door” and “grunt”. The recording 
data have been stored for future analysis. 
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Call frequency was examined in relation to sensor location, time of day and possible 
disturbance. Disturbance was assessed by examining call rates on days with and without 
construction activity. Unfortunately there were only a small number of days where no 
construction activity took place, and these were usually associated with rain days or 
days immediately following rain. The call frequency data were also used to determine 
the number of days of remote recording needed to establish that the Rails are absent 
from a site. 
 
2.3.4 Determining Lewin’s Rail absence at sites 
 
In order to determine whether Lewin’s Rail were present or absent at a site it was 
necessary to calculate how many call playback events must be carried out before 
absence could be confidently assumed. The statistical method proposed by Reed (1996) 
for inferring species extinction was used: 
 
N =  ln ( α level)  Where p = probability of success 
  ln (1 – p)   
 
2.3.5  Habitat description 
 
The habitats varied across the study site from low tidal salt couch, casuarina forest, and 
thorny thickets to differing heights of grassland. Full descriptions of the sites are 
detailed in Appendix 1. 
 
2.3.6  Data analysis 
All data analyses were completed using SPSS version 16.0 (SPSS Inc. Chicago, 
Illinois). Chi square tests were used to determine whether calls were randomly 
distributed over time or associated with particular times of sampling. Relationships 
between weather conditions (wind, temperature, humidity) and the proportion of sites 
where calling was detected were examined using Spearman rank correlation.  
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2.4 Results 
 
2.4.1 Response to call playback 
 
2.4.1.1 Seasonal patterns 
 
A total of 724 call playback events over 90 sites were conducted over the study period, 
with 119 responses by Rails being detected. The most common responses were the 
territorial “kek kek” call (47 responses) and the “squeaky door” call (52 responses). 
There were 20 “grunt” responses detected.  
Figure 2.5 shows the distribution of these call playback responses over all months of the 
study period. For the 2007-08 season, call playback commenced in August 2007 but the 
birds did not start responding until September. Responses were most prolific in October, 
had declined to low rates in February 2008, and had stopped by March 2008. In the 
2008-9 breeding season, surveys started in July and Rails started responding by late 
July. Calls were also the most prolific in that month. In addition, although call playback 
ceased in November 2008, calls were recorded on the remote sensors into the middle of 
March 2009. As a result of no responses being detected in March 2008 call playback 
was ceased until July 2008. 
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Figure 2.5 Proportion of responses to call playback events played between August 2007 & February 2008 and 
between July 2008 & November 2008 across each month.  
Proportion is calculated as the fraction of call playback events per month that elicited a response.  No call 
playback carried out from Mid April to June 08, or in November 08. 
 
Figure 2.6 shows the distribution of the three call types across the different months. 
These data were examined to see whether there was any association between type of 
response elicited and time of season. Season was split into three groups (early = July-
Sept; mid = Oct–Nov; late = after Nov).  A Chi square test was carried out to establish 
whether there was any association between call response type and time of season (Chi 
sq = 3.21, df = 4, p = 0.524) when both seasons were combined. No association was 
found. However, when 2008 only was considered, the “squeaky door” call was more 
likely to be heard early in the season and the “kek kek” call later in the season (Chi sq = 
18.2, df = 2, p < 0.001 categories were July, August, and September onwards; and 
“squeaky door” versus other calls). The "kek kek" and "grunt" calls were combined for 
the Chi square because there were too few "grunt" observations to perform a Chi square. 
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Figure 2.6 The frequency of each type of call response in each month of the call playback study.  
No call playback was carried out from March to June 08, or in November 08 
 
2.4.1.2 Daily patterns 
 
Figure 2.7 shows the total number of each type of response call in relation to time 
before and after dawn. These data suggest that the birds are most likely to respond to a 
call playback event carried out in the fifteen minutes before and the first hour after 
dawn. Because the number of call playback events was not equally spread over time (i.e. 
more events occurred close to dawn), the distribution of responses per 30 minute block 
were compared with the distribution of call expected (if calling was random in relation 
to time), based on the distribution of call playback events. These expected response 
rates were derived by removing the events at sites where call playback was carried out, 
but where Lewin’s Rail were absent. 
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Figure 2.7 Total number of the three call response types in relation to time (min) before and after dawn.  
Data are for all call playback events played between August 2007 & February 2008 and between July 2008 & 
November 2008. 
 
Figure 2.8 shows the observed and the expected call responses for all three types of calls 
for call playback events at sites where Lewin’s Rails were present. A Chi square test 
showed that response rates occurred significantly more frequently than would be 
expected under the sampling frequency used for the period before dawn and up to an 
hour after dawn and less frequently than expected for time after one hour from dawn 
(Chi sq = 18.98, df = 6, p = 0.004).  
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Figure 2.8 Number of observed and expected call responses of all call types to call playback events at sites 
where Rails were present, played between August 2007 & February 2008 and between July 2008 & November 
2008 
 
The daily distribution of call playback responses was also examined for each type of call 
response. The distribution of observed responses and those expected number of 
responses if these calls were being made at random in relation to time of day are shown 
in Figure 2.9 (“squeaky door”) and Figure 2.10 (“kek kek”). A Chi square test showed 
that the “squeaky door” response was more likely to be elicited in the period between 
pre dawn and 60 minutes after dawn (Chi sq = 23.73, df = 6, p < 0.001), but “kek kek” 
responses were generally elicited in similar frequency to the frequency of call playback 
events (Chi sq = 5.30, df = 6, p = 0.506). The “grunt” call did not occur in sufficient 
numbers for similar analysis.  
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Figure 2.9 Number of observed and expected “squeaky door” call responses to call playback events at sites 
where Rails were present, played between August 2007 & February 2008 and between July 2008 & November 
2008, across time each morning. 
 
 
Figure 2.10 Number of observed and expected “kek kek” call responses to call playback events at sites where 
Rails were present, played between August 2007 & February 2008 and between July 2008 & November 2008, 
across time each morning. 
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2.4.2 Call response in relation to weather 
 
Rail species generally rely on crypsis for predation avoidance (Foerster and Takekawa, 
1991 – cited in Harding et al. 2001). Therefore it is possible that the birds are less likely 
to respond on windy days when the approach of terrestrial predators may be more 
difficult to detect through an increase in background noise of wind in the vegetation. In 
order to test the whether there is a relationship between response rates and wind speed a 
correlation was carried out. Figure 2.11 shows the average wind speed on the morning 
of the response plotted against the proportion of sites tested where a bird responded 
(only sites that contained Rails during call playback were included). No correlation was 
found between average wind speed and proportion of call responses (r = -0.16, n = 41, p 
= 0.316), although response rates were never high when wind speeds were high. There 
was also no correlation between proportion responding and temperature (r = -0.07, n = 
41, p = 0.649) or relative humidity (r = -0.21, n = 41, p = 0.188).   
 
 
Figure 2.11 Proportion of call response successes across the average wind speed on the day of  response. 
2.4.3 Number of call playback site visits required to establish absence 
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2.4.3.1 2007 breeding season 
 
Of the 71 call playback survey points visited between September 2007 and December 
2007, no responses were recorded at 50 survey points. For the remaining 21 survey 
points the probability of detecting a response to broadcast calls was 0.323. Therefore, 
the 2007 data suggests that in order to be confident that the Lewin’s Rail was absent 
from a survey point (i.e. Type 1 error rate of <5%) then call playback needed to be 
carried out at that survey point a minimum of 8 times without an individual responding 
(Reed, 1996)  
 
2.4.3.2 Both 2007 and 2008 breeding seasons 
 
Of the 87 call playback survey points visited between September 2007 and November 
2008, no responses were recorded at 60 survey points and responses were detected at the 
remaining 27 survey points. The average number of call playbacks carried out at each of 
the 90 survey points was 8 and average probability of detection at those 27 survey 
points was 0.246. Based on data from both years,  in order to be confident that the 
Lewin’s Rail was absent from a survey point then call playback needed to be carried out 
at that survey point a minimum of 11 times without an individual responding.  
 
2.4.3.3 Remote sensor data - frequency of calls throughout study period 
 
Figure 2.12 shows a wide variability in the number of calls over different days without 
any apparent seasonal pattern. The data only includes days on which calls were 
recorded. Of the 855 days of recording, only 172 calls were detected on 47 of those 
days. The variability of daily call rates ranged from a number of days with no calls 
recorded up to one day, 17th October 2008, when 34 calls were recorded at one sensor. 
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Figure 2.12 No of kek kek calls detected on all sensors between May 2008 and Feb 2009 
Figure 2.13 shows the variability of “kek kek” calls throughout the mornings of 
recordings across each of the four sensors and highlights the significant difference of the 
greater number of calls picked up on Sensor 2. This is supported by the Friedman non 
parametric test statistics in Table 2.2.  
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Figure 2.13 Frequency of “kek kek” calls recorded each morning at each of the four sensors 
 
Table 2.2 Friedman non parametric comparison of mean calls across all sensors on days when all four sensors 
were recording 
 
 
 
 
 
 
 
 
 
 
Ranks 
 Mean Rank Test Statistics 
Sensor_1 2.38 N 113.000 
Sensor_2 2.66 Chi-Square 20.794 
Sensor_3 2.51 df 3.000 
Sensor_4 2.44 Asymp. Sig. .000 
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Figure 2.14 shows that for the total calls detected on all four sensors the birds were most 
active in their calling activity in the 15 minutes before dawn and the hour afterwards. 
However Figure 2.13 shows this was only true for Sensor 2, which as it has significantly 
more calls than the other three sensors, is influencing the overall outcome. Sensors 3 
and 4 tend to have more calls in the second hour after dawn but as with sensor 1, there 
are probably too few calls to establish a reliable trend 
 
 
Figure 2.14 Summary of the frequency of “kek kek” calls recorded each morning from all four sensors 
 
2.4.4 Call frequency changes in response to disturbance 
 
There was no relationship between the number of days calling was detected at a site and 
the distance from the construction activity, with Sensor 4, which was the furthest from 
any activity, showing the second lowest calling rate (Table 2.3). By comparing days 
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when construction ceased with days when construction was carried out, it was 
established that on non construction days there was a 3% call frequency whereas on 
construction days there was a 5% call frequency. However these data do not provide 
convincing evidence of either no effect or strong effect of construction on calling rates 
as both the natural calling rate of Rails and the number of days without construction 
were very low. 
 
Table 2.3 The number of calls, days when calls were picked up and days when each of the four sensors were 
recording 
 Sensor 1 Sensor 2 Sensor 3 Sensor 4
Number of days of 
recordings 
247 247 155 206 
Number of days calls 
detected 
4 34 8 6 
Number of calls 
detected 
4 130 23 13 
 
 
2.5 Discussion 
 
The use of both the call playback and the remote sensors provided some valuable 
information about the calling rates of the birds. The call playback process is a standard 
method for establishing the presence of cryptic wetland bird species that would 
otherwise be difficult to observe ( Hinojosa-Huerta et al. 2002; Prescott et al. 2002; 
Allen et al. 2004; Sutherland et al. 2004; Rehm and Baldassarre, 2007; DesRochers et 
al. 2008; Richmond et al. 2008). Although time intensive, the data collated over the two 
year study period provided a clear insight into the detectability of the species, 
established their presence and absence throughout the study site and also identified the 
point of their return to the fire regrowth area.  
It is easy for bias to creep into sampling methods (Bibby et al. 1992) and this can result 
in inaccuracy in the data. Bias can occur in a number of ways such as only surveying 
certain types of areas, like those that are most accessible. Even the observer’s skills can 
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bias a census. (Sutherland, 2006; Bibby et al. 1992). In order to minimise bias the 
different call playback sites were visited at different times of the morning for each call 
playback event. In addition, the same two research assistants were used throughout both 
of the breeding seasons to try to maintain continuity of expertise. Some bias would be 
present however, as on days when the rain was heavy the call playback was postponed. 
This was necessary as the sound of the rain on the vegetation created background noise 
reducing the possibility of picking up responses that were more than a few metres away. 
The other bias that may be present was due to accessibility of some of the sites. All call 
playback sites were approximately 50 metres from each other along access routes such 
as fire trails. Where there was more than 100 metres of habitat width between access 
routes, call playback sites were established at interstitial points within the habitat. This 
ensured a minimum of 50m between points. Carrying out call playback in these 
interstitial areas of habitat was kept to a minimum so as not to disturb too much habitat. 
It is likely though that there is some bias towards sampling close to access roads. 
 
The literature suggests that the birds are most likely to respond both after dawn and in 
the late afternoon. However initial call playback events carried out throughout the day 
indicated that that the mornings were the most likely time to elicit a response and so that 
was when the site visits were targeted and when the remote sensors were timed to 
record. The response rates over both breeding periods showed that during the call 
playback events carried out in the half hour prior to dawn and the three hours post-
dawn, the birds responded most during the fifteen minutes before and the hour after 
dawn, for all three types of calls. The “squeaky door” was the most common response to 
the call playback and not the territorial “kek kek” being played to the birds to elicit the 
response. There appeared to be a seasonal pattern in 2008 with “squeaky door’ more 
common earlier in the breeding season and “kek kek” more common later. It is not clear 
from the literature what the “squeaky door” and the “grunt” calls represent and without 
being able to identify individual birds that are responding, knowing their sex and 
tracking their territorial use we can only infer what the call may mean.  Perhaps the 
“squeaky door”, as most common response and appearing earlier in the breeding season, 
may be a female response to the “kek kek” territorial call. Studies of the call responses 
of the water Rail (Rallus aquaticus) identified a seasonal pattern between two types of 
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call response. In the breeding season an “announcement call” is described, however 
prior to laying, only a “courtship” call was detected (Polak, 2005).  
 
As well as a more active response period around dawn, there was a clearly defined 
seasonal variation in response rate. Interestingly, the birds did not respond at all 
throughout August 2007, which is when the literature suggests that the breeding season 
starts (Garnett and Crowley, 2000; Marchant and Higgins, 1993) and where a territorial 
response could be expected. In fact, no response was recorded until late September 
2007. If the birds that were displaced by the fire in the main Lewin’s Rail habitat area 
were now located in surrounding existing habitat patches, then those existing patches 
may be overcrowded, and this may have an impact on the territorial response rate. No 
response was received until late September although it is not known why. Assuming that 
territorial response is an indicator of breeding then perhaps breeding condition of the 
birds may have been affected by overcrowding or by the previous years of drought. It 
may also have been influenced by the actual burning of the grassland and P australis. 
That vegetation structure may have been the prime nesting site type and over 70% of the 
total Lewin’s Rail habitat on the study site was burned. Once the birds did respond, their 
most active month of response was October 2007 with more than double the responses 
of any other month that season. The literature suggests that the breeding season finishes 
in January, however, call playback events continued until March 2008 with responses 
finally ceasing in February. If call playback territorial responses are an indicator of 
breeding then it is possible that a late start influenced a later finish to allow the chicks 
time to fledge and disperse. No call playback was carried out after March 2008 once no 
responses were received. Studies of Virginia Rails (Rallus limicola) and Water Rail 
(Rallus aquaticus) suggest seasonality of responses (Polak, 2005; Rehm and 
Baldassarre, 2007). Studies of the Yuma Clapper Rail (Rallus longirostris yumanensis) 
report call responses throughout autumn, winter and summer suggesting no seasonal 
patterns with breeding (Hinojosa-Huerta et al. 2001). However many other bird species 
do display seasonal variation in calling rates such as the pileated woodpeckers 
(Dryocopus pileatus), splendid fairy-wrens (Malurus splendens melanotus), black-
headed trogons (Trogon melanocephalus), black-casqued hornbill (Ceratogymna 
atrata), yellow-casqued hornbill (Ceratogymna elata), brown-cheeked hornbill 
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(Bycanistes cylindricus), and corncrake (Crex crex),  (Osiejuk et al. 2004; Rainey and 
Zuberbuhler, 2007; Greig and Pruett-Jones, 2008; Tremain et al. 2008; Riehl, 2008) 
 
We do not know anything about the breeding of the birds at this site however suggestion 
is that the species usually breed from August – January (Garnett and Crowley, 2000; 
Marchant and Higgins, 2003; Simpson & Day 1996). How much of this call response is 
related to breeding is not clear at this site as no birds were observed. Therefore it was 
assumed that some of the calling activity was related to breeding. 
 
The call playback recommenced in July 2008 in anticipation of including the start of the 
breeding season later that month or early August. Assuming territorial response is an 
indicator of breeding then the birds’ immediate high response may indicate that they had 
started the breeding season at least a month earlier than expected (Garnett and Crowley, 
2000; Marchant and Higgins, 2003; Simpson & Day 1996). Remote sensors had been 
deployed on site in the middle of June to establish exactly when the birds started calling. 
Unfortunately the sensors failed to record so it is not known at what point calling 
commenced. The call playback research finished at the beginning of November 2008 
however calls continued to be registered on the remote sensors until March 2009. This 
was a much longer season than the previous year and could be due to the good rains the 
preceding year with 2008 having had 111% of its usual annual average rainfall. 
Although there is no literature on the effects of rainfall on breeding seasons for other 
Rail species there is certainly research into other species. This suggests that good 
rainfall prior to, or during, a breeding season provides additional food and nesting 
resources, thus extending the season or improving nesting success. The other species 
include: marabou storks (Leptoptilos crumeniferus), wood storks (Mycteria americana), 
red shouldered hawks (Buteo lineatus), red bishops (Euplectes orix) and Swainson's 
spurfowl (Pternistis swainsonii) (Jansen and Crowe, 2005; Metz et al. 2007; Morrison et 
al. 2007; Bryan and Robinette, 2008; Monadjem and Bamford, 2009) 
 
The birds were also found in more locations than in 2007, possibly as a result of 
emigration of juveniles from the previous year’s breeding season. However it is not 
clear whether there were any more birds in 2008 than in 2007. It is possible that Rails 
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emigrated to new sites where they had not previously been detected throughout the 
study. There is no way of measuring this however so the methods used assume presence 
throughout the study. The calculation of the number of call playback events on different 
days that are required to be confident of the birds’ absence at that site changed between 
2007 and 2008. Based on 2007 data a researcher would only have to visit a site to carry 
out call playback 7.7 times to be confident, however incorporating the 2008 data this 
rose to 10.6 times. Sites were on average visited just over 8 times throughout the two 
years, so the data is likely to be incomplete. If the increase in site visits required is an 
indicator of lower bird numbers then it is likely to have been a delayed effect of the 
displacement in 2007 by the fire, or may be due to the different sampling times each 
year. 
 
On windy days and days with heavy rain, the response of the birds was difficult to hear 
through the background noise in the vegetation. If the wind was travelling toward the 
researcher then the sound of the response would be carried, making it easy to detect; 
however, if the opposite were true, it was carried away and drowned out by the noise of 
the wind in the vegetation. As previously mentioned, some bias was introduced into the 
study as on very rainy days call playback was not carried out. However, as the Lewin’s 
Rails rely on crypsis for predator avoidance, I was keen to establish whether the weather 
had an impact on calling rates; would the birds respond less on windy days when they 
may not be as able to hear a predator approaching?  The scatter plot detailed in Error! 
Reference source not found. suggests that there is no relationship between wind speed 
and calling rate. However, the wind speed measurements used were an average for the 
site of measures taken at 6:00am and 9:00am by the Bureau of Meteorology which has a 
weather station at the study site. The wind speed tended to vary temporally and spatially 
depending on the landscape of the particular call playback site, therefore any trend wind 
speed and calling rate that may be present could easily have been missed. If studies were 
to recommence then wind speed measurements at the time and location of call playback 
event would identify any such relationship. There is little in the literature regarding the 
effects of wind speed or rain on bird calling rates; however, studies of the North Island 
Brown Kiwi (Apteryx mantelli) calling rates in relation to predators did find that wind 
and rain had a negative effect on call rates (Pierce and Westbrooke, 2003).    
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The call playback identified where the birds were present, absent or didn’t call and the 
daily and seasonal patterns of their responses. An understanding of the best time for 
eliciting a response ensures that future presence absence surveys using call playback can 
be efficiently targeted. Surveys should be started in July, in case territorial call response 
starts early, as was the case in 2008, and be targeted for the 75 minutes around dawn 
when the birds are most likely to respond.  Once birds have started responding then that 
particular site need not be revisited, then other sites where they have not yet responded 
only need be visited a total of 11 times (if no calls are picked up before then). This will 
significantly reduce the cost and efficiency of surveys by minimising the time required 
to obtain accurate results with maximum reliability. 
 
Call playback does have some drawbacks. It is time-intensive as two researchers are 
required for each call playback event. This is partly due to occupational health and 
safety reasons in the field but also to ensure that responses are detected as researchers 
stand 10-20 m either side of the portable speakers in order to detect responses from 
different directions. It also helps pinpoint where the call is coming from. The second 
drawback is that the call playback by its very nature elicits a response through use of a 
territorial call. It does not provide an insight into the natural calling behaviours. 
However, passive aural surveys would be incredibly labour and time intensive. Remote 
sensors were therefore introduced into this study which record un-solicited natural 
calling behaviours. 
 
Sensors that record data that requires physical collection from the site have been in use 
for many years for different aspects of ecological monitoring. However it has been the 
recent technological advancements in cameras, mobile phones and wireless computers 
that have enabled the rapid evolution of this field, particularly in acoustic monitoring. 
The technology enables large amounts of data from broad geographical locations to be 
collected via sensor networks and uploaded to centralised servers. This can significantly 
reduce on site time for researchers. In theory, the only time the site has to be visited is 
for deployment, maintenance and collection of the sensors.   
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Acoustic monitoring is however still a relatively novel area and this project was one of 
the pilot projects for the trial of acoustic sensors designed by the Microsoft QUT 
eResearch (MQUTeR) centre in the School of IT. As a result, there were a number of 
issues that arose that had to be addressed throughout the project. These ranged from the 
equipment being stolen to microphones having to be upgraded and phones maintained 
when they regularly failed. This resulted in days when one or more sensors were not 
recording data. However, by the end of the project the number of days when sensors 
were not functioning had begun to diminish as each of the issues was resolved and new 
more reliable models of phones were utilised.  
 
While remote sensing reduces the on-site time for the researchers it also significantly 
increases the volume of data available for analysis. For this project, the four sensors 
were each programmed to record for the three hours after dawn. When all four sensors 
are recording this schedule provides 12 hours per day of acoustic data to analyse. The 
cost of these data being processed manually by a researcher listening to all of the 
recordings would be prohibitive, so automated recognition software was developed by 
MQUTeR.  Unfortunately while this was due to be completed in November 2008 it was 
not functional in a test phase until February 2009. This meant that the 2,565 hours of 
acoustic data took over two weeks to run through the automated analysis software 
before any potential recordings of the Lewin’s Rail “kek kek” calls were identified. 
These then had to be listened to manually by a researcher to confirm whether they were 
Lewin’s Rail calls that were false positives, that is, other “noise” that had been 
mistakenly identified as Lewin’s Rail calls. The identification threshold had to be set 
quite low initially, in order to be able to identify the cut-off point at which the software 
could confidently identify Lewin’s Rail calls. Therefore the process of manually 
confirming or rejecting calls identified by the software added further time to the analysis 
process. It does mean, however, that the recognition software has been further refined 
and this is still a project in progress, despite this particular Lewin’s Rail research 
reaching a conclusion. The recognition software is currently able to identify the Lewin’s 
Rail territorial “kek kek” call to a relatively high degree of accuracy and work continues 
to further refine this and to establish recognition software for the other two Lewin’s Rail 
calls, the “squeaky door” and the “grunt”.  In addition a new super computer is now 
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being utilised to analyse the large volumes of sensor data and the process that previously 
took two weeks to analyse over 2,500 of recordings can now be run overnight. The 
sensors are still recording and uploading the data to the centralised server and all of the 
data recorded so far is being stored. This is providing a valuable source of data for 
future research into calling activity of the Lewin’s Rail as it can be revisited at any time.  
 
The data analysed from the recordings showed that of the 2,565 hours of data collected 
between April 2008 and February 2009 there was wide variability in the calling rates. 
For some days there was no calling activity at all with up to 12 consecutive days when 
no “kek kek” calls were detected on any of the four sensors. This was unexpected in a 
territorial bird. On other days when the birds appeared to be very active, for example on 
the 17th October 2008 at Sensor two, nearly 35 calls were recorded. It is not immediately 
clear what would cause this wide variability although on the days of high activity is 
possible that there may have been a territorial dispute in play. The concern was that the 
days with high calling activity may be linked to birds responding to call playback being 
carried out. However the call playback was not carried on those days of high recorded 
calling activity.  Research into the Buff Banded Rail (Gallirallus philippensis) by 
Lachish & Goldizen (2004) found that territorial individuals often respond less 
aggressively to intrusions by their neighbours than to intrusions by unfamiliar 
individuals. A similar behaviour was found in Corncrakes (Crex crex), the males of 
which actually regularly visit neighbouring territories and no territorial disputes were 
observed (Skliba and Fuchs, 2004).  If the Lewin’s Rail are similar in their responses 
then it is possible that during the days of high activity a territorial dispute with an 
unfamiliar individual was occurring.  
 
Although the data showed that the Lewin’s Rail are not naturally prolific callers it is not 
clear whether there was any external influences in play on the days when they were not 
calling. The use of the sensors showed that the probability of detection is much lower 
than with the use of call playback events where a response is elicited. With call 
playback a site only has to be visited 11 times whereas sensors need to be deployed for 
at least 18 days before absence of the Lewin’s Rail can be confidently assumed. This is 
of course only based on detection of the “kek kek” calls and is likely to change once the 
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automated analysis is developed to include the other two calls. However, the disparity in 
detectability between call playback surveys and passive surveys (carried out manually, 
not with recording and automated analysis) also appears with Yuma Clapper Rails 
(Rallus longirostris yumanensis) and Virginia Rails (Rallus limicola) (Allen et al. 2004; 
Hinojosa-Huerta et al. 2002).  
  
The temporal variation in calls throughout the day supported the findings in the call 
playback survey; that they are most likely to call in the fifteen minutes before and the 
hour after dawn.  However, although it was not sampled with equal frequency in the 
hour before dawn, it was in the two hours afterwards. It was interesting that there was 
no seasonal variation detected in the analysis whereas in the call playback data there 
was a very clear seasonal variation based around the expected breeding season. As the 
birds are territorial it would be expected that there would be some seasonal territorial 
disputes picked up by the sensors. The two other calls were not analysed, the “squeaky 
door” and the “grunt”, and it could be that these also have a territorial role. Were these 
two other calls to be included within the data a seasonal pattern may emerge. Certainly 
in the call playback analysis the “squeaky door” response was actually marginally more 
prolific than the “kek kek” which could indicate a territorial response.  It is possible that 
between Sensors 1-3 recordings may have detected individual birds at more than one 
sensor if their territory use extended between more than one of the sensors. The data for 
each sensor was cross checked with the others to establish whether any calls detected 
were also detected on another sensor, which would effectively double up the data on 
that call event. However no duplication of detection was identified. The call playback 
data was valuable for establishing presence/absence and the remote sensing was 
valuable for analysing natural calling rates and variability. 
 
Once temporal variations were established the final aspect to be investigated was 
whether the sensor data provided any evidence of changes in calling rates in relation to 
disturbance. The sensors were specifically set up so that Sensor 4 was placed over a 
kilometre away from the other three sensors, father away from the Central Parking Area 
construction (Error! Reference source not found.). This could potentially provide data 
on any difference in calling activity between the three sites closer to disturbance and 
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Sensor 4 which was unaffected. The construction involved large trucks transporting and 
dumping landfill less than a kilometre away from Sensors 1-3, sometime 24 hours a day. 
There were also regular pile driving events that could be heard and possibly felt at the 3 
sensor sites. The access road for these trucks was unsealed and at times of heavy rains 
construction activity in the area stopped as the site became inaccessible until the road 
dried out again. There were also days such as public holidays when construction 
stopped. These days when construction ceased provided comparison data for the days 
when construction was occurring to establish whether there any differences in the 
calling rates at Sensors 1-3. However the low calling rates provided little data for 
comparison purposes and the significantly higher calling rates at Sensor 2 meant that 
there was no evidence that distance from disturbance influenced calling rates as Sensors 
1 and 3 are a similar distance from the construction. In addition, when the non-
construction days were compared with construction days, it was found that actually 
calling rates were higher on the days when there was construction activity. The key 
finding therefore is that there was calling activity occurring around each of the four 
sensors but that is appears to be related to natural bird activity rather than any influence 
of construction activity.  
 
Although the detectability rate was lower than the use of call playback, at 18 days 
deployment compared to 11 site visits, greater efficiency is achieved due to the time 
cost savings.  Table 2.4 illustrates the costs involved for establishing absence of the 
birds using both methods. It assumes one hour travel time each way to the study site 
with vehicle costs of $8 per hour and an hourly pay of $30. The remote sensors require 3 
site visits for deployment, a battery change and collection. There are two calculations, 
one for a small study area of just six sites, up to 500 m apart, and one for a larger study 
area with 36 sites, up to 500 m apart. Although there is a significant difference between 
the equipment costs, once the initial outlay has been met there is just depreciation and 
maintenance costs incurred thereafter. It is also likely that equipment will used for other 
survey projects, effectively spreading that cost. The costs demonstrate the significant 
economic efficiency of the remote sensors over the call playback method of detecting 
presence or absence of the birds, with 6 site visits costing $2,244 for call play back and 
$804 using remote sensing and 36 site visits costing $13,194 and $4,824 respectively. 
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Table 2.4 Cost comparison of call playback to remote sensor with researchers  
paid $30ph and vehicle costs $8ph 
 Call playback – 11 days Portable remote sensor – 
18 days 
Initial equipment 
outlay 
$280 (MP3 player & speakers) 
 
 $2,700 (6 portable remote 
sensors x $450)  
6 sites 
Researcher travel 
cost 
$1,320 (2 hours, 2 researchers, 
11 visits) 
$360 (2 hours, 2 researchers, 3 
visits) 
Vehicle costs $264 (3 hours, 11 visits) $84 (3.5 hours, 3 visits) 
Deployment costs $660 (1 hour, 2 researchers, 11 
visits) 
$270 (0.25 x 6 sensors, 2 
researchers, 3 visits) 
Recording analysis n/a $90 (0.5 x 6 sites, 1 researcher)  
Total researcher 
costs 
$2,244 $804 
36 sites 
Researcher travel 
cost 
$7,920 (2 hours, 2 researchers, 
66 visits) 
$2,160 (2 hours, 2 researchers, 
18 visits) 
Vehicle costs $1,584 (3 hours, 66 visits) $504 (3.5 hours, 18 visits)  
Deployment costs $3,690 (1 hour, 2 researchers, 
66 visits) 
$1,620 (0.25 x 6 sensors, 2 
researchers, 18 visits) 
Recording analysis n/a $540 (0.5 x 36 sites, 1  
researcher) 
Total researcher 
costs 
$13,194 $4,824 
 
With the presence and absence of the birds was established across the study site with 
call playback, it was then possible to examine whether there were any differences 
between the habitat where they were found and where they were absent. The first 
aspects to be examined were the vegetation structure and soil and these are discussed in 
Chapter 3.  
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Chapter 3 Habitat vegetation structure 
 
3.1 Introduction 
 
In Chapter 2 a method was established for determining whether Lewin’s Rail were 
present in or absent from a site. Data described in that chapter also showed that Lewin’s 
Rail were not found at all sites surveyed. An examination of sites where Lewin’s Rail 
were present and absent could therefore provide an indication of habitat attributes that 
might be important for Lewin’s Rail habitat use. 
 
Little is known about the ecology or habitat use of the Lewin’s Rail. Marchant and 
Higgins (1993) recorded that Lewin’s Rail are known to inhabit permanent to ephemeral 
fresh, brackish or saline wetlands containing dense emergent or fringing vegetation.  
 
Studies of North American grassland birds and prairie wetland birds have shown 
definite links between structural aspects of habitat and faunal diversity, with vegetation 
height and density prominent indicators of habitat segregation (Hildén, 1965; Cody, 
1981; Murkin et al. 1997; Naugle et al. 1999; Robert et al. 2000). These aspects may be 
associated with concealment from predators and creation of micro-habitats (Clark and 
Shutler, 1999; Michel et al. 2008). Studies of Black Rails (Laterallus jamaicensis), 
Clapper Rails (Rallus longirostris yumanensis) and Yellow Rails (Coturnicops 
noveboracensis) support this finding that habitat selection is based upon vegetation 
structure and water level rather than plant species (Anderson and Ohmart, 1985; Robert 
et al. 2000; Legare and Eddleman, 2001). Key elements of vegetation structure that are 
thought to be important are those that provide high levels of lateral and vertical cover. 
These features may provide direct concealment and physical refuge, but may also act to 
camouflage animals because the light environment generated in this vegetation may 
differ in intensity and spectrum and impact the visual signals of an organism by 
contrasting it or merging it with the immediate environment (Théry, 2001).  
 
There are a number of established methods for measuring vegetation structure 
depending on the characteristics being examined. These include characteristics of plant 
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communities such architecture, leaf size, crown diameter and plant height. There are 
also estimation techniques such as counting vegetation parts that cross a virtual level, 
frequency counting in quadrats and height measurements. There are also sensor methods 
which measure the light passing through different layers, such as hemispherical 
photography, and other photographic systems where images are taken against a white 
background with subsequent density estimation. However no method has become 
widespread for general use (Zehm et al. 2003) because different methods are suited to 
different vegetation types and the questions being asked.  
 
The literature suggested that vegetation structure may be the key element to Lewin’s’ 
Rail habitat use (Anderson and Ohmart; 1985, Legare and Eddleman, 2001). It was 
therefore important to select vegetation measurement methods that could accurately and 
easily identify horizontal and vertical vegetation density while minimising observer 
variation. Previous research into the structure of salt marsh and of tall grass vegetation, 
both similar to P australis, have utilised vertical and horizontal photography (Neumeier, 
2005; Limb et al. 2007) for these reasons. 
 
In addition to vegetation structure there may be other factors influencing habitat use, 
such as food availability or soil moisture levels. As part of their foraging the Lewin’s 
Rail generally feed by probing the substrate, so it was decided to investigate whether 
ground hardness and soil moisture show any differences between sites where Lewin’s 
Rails are present and where they are absent.  
 
As well as influencing foraging, soil moisture may have another important influence. 
Areas that Lewin’s Rail occupy at Brisbane Airport are subject to flooding in 100 year 
flood events (BAC, EIS - Surface Hydrology) of the Kedron Brook. In addition the 
North end of the main Lewin’s Rail habitat area was seen to retain pools of standing 
water within the runnels for some days after heavy rains. While there has been very little 
research on the Lewin’s Rail there has been research on other Rail species, particularly 
in the USA. Research on the Black Rail (Laterallus jamaicensis) in Florida highlights 
many ecological similarities with the Lewin’s Rail: small; reluctant to fly; cryptic; 
inhabiting dense marshes and difficult to study (Legare and Eddleman, 2001). The 
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studies found that because of the specific habitat requirements they were susceptible to 
water fluctuations. Black Rails and Clapper Rails (Rallus longirostris) select their 
habitat based on vegetation structure and water level rather than plant species (Anderson 
and Ohmart, 1985; Legare and Eddleman, 2001). Also, water levels and hydrology 
appear to be the main factors influencing nest selection and nesting success with most 
nest failures for Clapper Rails and Black Rails occurring as a result of flooding 
(Anderson and Ohmart, 1985; Eddleman and Conway 1994 – cited by Legare and 
Eddleman, 2001). However, for the California Clapper Rail (Rallus longirostris 
obsoletus) flooding was only a minor contributor to nest failure (Schwarzbach et al. 
2006). Although large flood events are rare in the area examined in the present study, 
the standing water in the runnels after heavy rains may provide some insight into habitat 
use by the Lewin’s Rail and differences in soil hardness may influence foraging. 
 
Habitats that we may consider to be different may be treated as the same by a bird 
(Krebs 2001, 57; Hildén, 1965), and because vegetation alone will not always determine 
where a bird species may be found; other factors such as food resource levels are 
important additional constraints (Cody, 1981; Orians and Wittenberger, 1991; 
Rosenzweig, 1991; Jones, 2001; Bruno et al. 2003). It was important for this study to 
investigate whether other attributes differed between areas used and not used by Rails. 
In order to identify whether food resources were a factor in the habitat selection of the 
Lewin’s Rail, it was decided to investigate whether there were any differences 
availability of potential food items between sites where Lewin’s Rails were present and 
sites where they were not.  
 
There has been very little research into the diet of the Lewin’s Rail. The diets of other 
Rail species such as  the Galapagos Rail, (Laterallus spilonotus), Western Clapper Rail, 
(Rallus longirostris yumanensis), Guam Rail, (Rallus owstoni) and California Clapper 
Rail (Rallus obsoletus obsoletus), have been found to consist predominantly of 
invertebrates  (Franklin et al. 1979; Jenkins, 1979; Ohmart and Tomlinson, 1977; 
Moffit, 1941); however, some species also consumed small amounts of seeds, molluscs, 
crabs and fish. Studies of the light footed Clapper Rail, Rallus longirostris levipes, 
found their diet consisted predominantly of crabs and snails plus some invertebrates and 
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fruit berries.  As invertebrates appear to be the dominant food consumed by other Rail 
species it was the variation in their diversity and abundance that was examined in this 
part of the study. The same sites that were examined in terms of vegetation structure 
were sampled to test for differences in invertebrate abundance between sites. 
 
3.2 Main aims 
 
3.2.1 To measure and compare the vertical and horizontal vegetation density, and 
ground cover between sites where Lewin’s Rails are present and those where they are 
absent in order to identify the characteristics of preferred habitat vegetation.  
3.2.2 To measure whether there is any difference in invertebrate abundance, soil 
moisture and soil hardness between sites where Lewin’s Rails are present and sites 
where they are absent.  
 
3.3 Methods 
 
3.3.1 Study areas 
 
The study location was the Canal Area and neighbouring council land detailed in Error! 
Reference source not found.. This location was divided up into 15 individual areas 
detailed in Figure 3.1. Each area contained a number of observation sites and broad 
descriptions of each area are provided in Chapter 0. 
 
A number of locations outside Brisbane Airport were also used in this study to 
determine whether any associations found between vegetation structure and habitat use 
by Lewin’s Rail would be supported at other locations. As Lewin's Rail is a wetland 
species, test sites were selected within different vegetation types in wetland areas in the 
Brisbane surrounds. These test sites have all had previous sightings of Lewin’s Rail 
within the last three years reported on birding forums. The test sites were at nearby 
Boondall Wetlands, Buckley’s Waterhole on Bribie Island, the reservoir edge at Lake 
Samsonvale and lake side in Minnippi Wetlands (see Figure 3.2).  
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For the invertebrate sampling seven sites where Lewin’s Rails were found to be present 
and eight sites where they were absent were sampled throughout the whole of the Canal 
Area (Figure 3.3). This was to ensure that one site from each of the different 15 Areas 
detailed in Figure 3.1 was sampled. Sites were selected haphazardly from among the 15 
areas, and are described in Table 2.1. 
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Figure 3.1 Map detailing the 15 different areas where vegetation measurements were taken.  
Areas are listed in the caption from east to west, and from north to south 
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Figure 3.2 Map detailing the study sites used to test the preferred habitat vegetation findings at the Canal Area 
study site. 
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Figure 3.3 Map showing invertebrate sample sites within Canal Area and neighbouring council land 
 
  
54 
 
 
3.3.2 Habitat descriptions at Canal Area study site  
 
The habitats varied across the study site from low tidal salt couch, casuarina forest, and 
thorny thickets to differing heights of grassland. Full descriptions of the sites are 
detailed in Appendix 1 
 
3.3.3 Habitat descriptions at vegetation test sites  
 
A total of 15 sites in four broad areas were used as test sites outside the Brisbane 
Airport area. Eleven sites were selected in and around Boondall Wetlands, two sites at 
Minnippi wetlands and one each at Lake Samsonvale and at Buckley’s Waterhole, 
Bribie Island (at the last three Rails have previously been recorded there and at Boondall 
Wetlands Rails have been recorded at two of the sites. 
 
These sites varied from tidal salt couch up to tall grassland and full descriptions of the 
sites are detailed in Appendix 1 
 
3.3.4 Habitat description at invertebrate sampling sites 
Table 3.1 identifies the vegetation types at each of the invertebrate sample sites detailed 
in Figure 3.3 Map showing invertebrate sample sites within Canal Area and 
neighbouring council land 
 
Table 3.1 Description of Habitat types across different invertebrate sampling areas 
Way point  Vegetation type Rails 
 present 
Area 
CPA 033 Salt marsh N 5 
CPA 036 Salt marsh N 15 
CPA 004 Phragmites Y 1 
CPA 038 Casuarina N 10 
CPA 040 Phragmites Y 14 
CPA 089 Phragmites Y 4 
CPA 013 Grassland <0.75 m N 3 
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CPA 054 Bramble thicket Y 2 
CPA 020 Phragmites Y 8 
CPA 059 Phragmites Y 6 
CPA 021 Casuarina N 7 
CPA 075 Grassland <0.75 m N 12 
VM 246 Phragmites N 11 
VM 006 Grassland >0.75 m Y 9 
VM 245 Grassland <0.75 m N 13 
 
3.4 Vegetation data collection 
 
At each of the Canal Area study sites and at each of the test sites vertical cover and 
horizontal cover measures were taken. While there was likely to be some temporal 
variation in cover due to seasonal changes in vegetation, these measures were taken only 
once over the study. It is assumed that variation between the sites was likely to be 
greater than any seasonal variation within sites. This is provided there is no major 
disturbance ie C. glauca v salt couch the variation would be expected to remain similar 
as long as there was no die back or other disturbance. Where there was more than one 
site within an area, measures were taken at each site and averaged to produce a measure 
for each of the 15 areas. 
 
Vegetation assessment was repeated at the 14 sites outside the Brisbane Airport study 
area. However these measures only included assessment of vertical and horizontal 
vegetation cover, as these were found to be the most important factors influencing 
presence or absence on the airport site. Presence and absence of Lewin’s Rail on these 
additional sites was assessed using a combination of call playback and deployment of 
automated sensors Chapter 2). 
 
3.4.1 Vegetation vertical cover 
 
There are a number of established methods for measuring vegetation structure 
depending on the questions being asked. These include physiognomic characterisations 
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of defined plant communities; categorised or measured parameters such plant 
architectural types, leaf size, crown diameter, plant height;  estimation techniques such 
as counting vegetation parts that cross a virtual level; methods based on frequency 
counting of elements in regular grids such as quadrats; height measurements; sensor 
methods which measure the light passing through different layers discussed above with 
hemispherical photography and other photographic systems where images are  taken 
against a white background with subsequent estimation of density. However no method 
has become widespread for general use (Zehm et al. 2003).  
 
In this study photographs were taken against a white board to calculate vertical density. 
This method has been shown to significantly reduce observer variation and error in 
estimations of vegetation density thus increasing accuracy and (in theory) reducing cost 
through ease and speed of use (Limb et al. 2007).   Photographic software that can 
differentiate between the whiteboard and the vegetation was then used to calculate the 
pixel percentage of vegetation within the whiteboard as described by Zehm et al. 
(2003), Neumeier (2005) and Limb et al. (2007). 
 
A 1.8m x 0.9m white coverboard was used to measure vertical cover. Digital 
photographs of the vegetation were taken against the coverboard at 1m height and 2m 
and 5m distances in order to measure the vertical density of the regrowth vegetation. 
There was no real difference between the 2m and 5m distance measurements so only the 
2m distance measurements have been reported in this thesis. Manipulated photos were 
then analysed using GIMP software (General Image Manipulation Program, a free 
software raster graphics editor) to measure the percentage of vegetation within the 
coverboard for both the first 0.6m height of cover and also the full 1.8m height of cover, 
see Figure 3.4. 
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Figure 3.4 Cover board in use in the field and subsequent analysed photograph of vertical vegetation density 
from which percentage vegetation cover is calculated 
 
3.4.2 Vegetation horizontal cover 
 
Assessment of light availability has been commonly measured using hemispherical 
photography since vegetation studies by Evans and Coombe (1959) and Anderson 
(1964). Since then computerised analysis packages and the switch to digital images have 
led to improvements in the process (Hale & Edwards, 2002; Zehm et al. 2003; Nobisa & 
Hunziker, 2005).  When analysing habitat vegetation structure it is important to sample 
the data at different heights. This is particularly relevant when studying a sedentary bird 
species such as the Lewin’s Rail that appears to occupy an all-purpose territory 
providing both suitable nesting and foraging habitat (Michel et al. 2008). This will help 
to identify the fine spatial scale of the habitat requirements.    
 
To assess the variation of light environments within the different vegetation structures, 
measurements of the direct radiation of sunlight below the canopy were taken. A digital 
camera fitted with a fish eye lens was used to photograph the canopy cover at 0.1m (the 
height of the camera), 0.6m and 0.9m. Radiation Below Canopy Level, the amount of 
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solar radiation that penetrated the canopy cover, was analysed using HemiView 
software (V2.1 Delta-T Devices Ltd, Cambridge, UK) 
 
3.4.3 Vegetation ground cover  
 
Cover is the most frequently used measure for vegetation surveys in grasslands. Cover 
estimation does not destroy or disturb vegetation, and it requires relatively little effort 
compared to the measurement of standing crop dry mass (Bonham & Clark, 2005; Chen 
et al. 2008). To measure cover quadrats can be used to visually estimate the proportion 
of types of cover of interest and for grassland the quadrats can range in size from 
0.25m2–16m2  (Sutherland, 2006). 
 
For this study, ground cover measurements at 4 random points were taken at each site 
using a 1m2 quadrat. The percentage of bare ground, leaf litter, shrubs, grasses and other 
debris were visually estimated to the nearest 10%. Different quadrats were measured at 
each visit. 
 
3.5 Soil moisture and hardness 
 
At each one of the 15 areas identified in Figure 3.1 within the Canal Area, a series of 
soil hardness and soil moisture readings were also taken. Presence and absence of 
Lewin’s Rail from each site was based on data obtained in Chapter 2. 
 
At each site, one soil hardness measurement was taken using a pocket soil penetrometer 
and ten soil moisture readings were taken using a HydroSense soil moisture probe in 
order to obtain an average. This was because there was variation in soil moisture 
readings at each site. The HydroSense soil moisture probe uses a soil property called 
dielectric permittivity to estimate volumetric moisture content. A high frequency 
electromagnetic wave pulse travels the length of a pair of rods inserted in the soil and 
returns to a sensor. The time it takes for the wave to complete the travel is an indication 
of the dielectric permittivity of the soil. Where there were runnels in the sample site, 
two sets of measurements were taken, one at the ridge top of the runnel and one in the 
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gulley. Some parts of the study area were subject to tidal inundation during king tides 
and as a result the soil is saline in many of those areas. The soil moisture probe 
measures the conductivity of the soil between two probes to estimate water content. 
However if the soil is saline the salts interfere with the conductivity and the readings 
become unstable. For many of the sites it was therefore not possible to take any accurate 
readings.  
 
3.6 Invertebrate abundance 
 
As the predominant diet of many Rail species appears to consist of invertebrates, 
analysis of the invertebrate assemblages at sites where Lewin’s Rails are present and 
where they are absent were carried out for comparison. There are many different 
methods available for sampling soil and leaf litter dwelling invertebrates including 
pitfall trapping and processing leaf litter samples in Tulgren funnels. Pitfall trapping is 
probably the most commonly used method of sampling invertebrates as it is an easy and 
economical way of obtaining a large number of samples for analysis (Sutherland, 2006). 
Both pitfall trapping and leaf litter samples processed using Tulgren funnels were 
trialled, but only pitfall traps yielded sufficient data for comparison. 
 
At each site a 2m transect was established and 10 small 200ml sample jars (7cm 
diameter) were evenly placed along the line. The jars were dug into the ground so that 
their lips were level with the top of the soil. Each jar had an alcohol and glycerine 
mixture poured in to a depth of 1cm. The glycerine was to reduce surface tension so that 
the invertebrates would drown and the alcohol was to preserve them until collection 
(Clarke, A. QUT, personal communication).  The jar lids were then place 2cm above the 
jars using thin wooden bamboo skewers to hold them in place and to act as umbrellas to 
prevent potential rain flooding the jars.  
 
The pitfalls traps were left in place for one week in April 2008 before being collected. 
On collection each jar was marked with its location and numbered 1 to 10. All samples 
at one site (Area 10) were lost when pitfall traps were dug up by animals. This left 
samples from seven Rail sites and 7 non-Rail sites. 
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In the lab, the contents of each jar and the invertebrates sampled from each of the leaf 
litter and soil samples were analysed under the microscope. Organisms were identified 
down to Order. 
 
Differences between areas were examined using a nested analysis of variance. This 
method was used so that any differences between Rail and non-Rail areas could be 
assessed against the level of variation in abundance that occurred between sample sites 
within Rail and non-Rail areas. Only taxonomic groups where more than 30 organisms 
were captured were compared with this analysis. 
 
3.7 Data analysis 
 
All data analyses were completed using SPSS version 16.0 (SPSS Inc. Chicago, 
Illinois). Comparisons of means were made using two sample t tests or analysis of 
variance. Percent data were arcsine transformed before analysis, and where variances 
were heterogeneous either nonparametric analyses (Kruskal Wallis) or an un-equal 
variance t test were applied. Analysis of similarity for vegetation structure was 
determined using the city-block similarity measure (Krebs, 1999), and cluster analysis 
used the between groups linkage method. 
 
3.8 Results 
 
3.8.1 Analysis of vegetation structure in Canal Area where birds were 
present/absent 
 
An examination of the similarity of the 15 areas in relation to vertical and horizontal 
vegetation cover showed that these variables were important in separating out the sites 
where the birds were present and absent. The dendrogram (Figure 3.5) shows that the 
“yes” (Rails present) sites broadly cluster together and the “no” (Rails absent) sites 
broadly cluster together. A similar analysis that included ground cover attributes as well 
as vertical and horizontal vegetation cover showed no strong clustering of Rail-present 
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and Rail-absent sites. These similarity data suggest that horizontal and vertical 
vegetation cover are more likely to be important in separating sites that are and are not 
used by Rails. 
 
Figure 3.5 Dendrogram of Rail and non-Rail sites within the 15 areas comparing vertical cover at 60cm and 
180cm and the difference in canopy cover of direct radiation between ground level and 60cm and between 
60cm and 90cm. 
3.8.2 Analysis of vertical density of vegetation structure in Canal Area where 
birds are present/absent 
 
Further analysis of the variables used in Figure 3.5 produces the error bar plot (Figure 
3.6) which is an analysis of the lateral cover at 0.6m and 1.8m high at the sites where 
Lewin’s Rails were present and where Lewin’s Rails were absent. It clearly shows that 
the sites where they are present have significantly higher percentage of vegetation 
density at both 60cm (t = 3.43; df=5.2; p=0.017) and 180 cm (t = 6.37; df=13; p<0.001) 
heights than those where they are absent.  
Label description 
Yes/No  = Rail’s present 
Number = Area number 
62 
 
 
Figure 3.6 Error bar plot detailing the vertical coverboard vegetation density analysis at 60cm and 180cm 
heights from 2m distance at Canal Area sites where Lewin’s Rail s are present and sites where they are 
considered absent. 
 
3.8.3 Analysis of horizontal density of vegetation structure in Canal Area where 
birds are present/absent  
 
The error bar plot (Figure 3.7) is an analysis of the horizontal density at the sites where 
Lewin’s Rails were present and Lewin’s Rails were absent. It shows that the direct 
radiation below canopy at ground level is significantly different (t = 2.63; df=12.3; 
p=0.022), is not quite different at 60cm (t = 2.16; df=13; p=0.051) and is not different at 
90cm height (t = 0.01; df=6.3; p=0.988). The direct radiation below canopy is a measure 
of the sunlight permeating the vegetation, and therefore provides an index of the 
vegetation density. The lower the level of light permeating, the denser the vegetation. It 
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clearly shows that the sites where the birds are present have a higher percentage of 
horizontal vegetation density at ground level and 60cms than those where they are 
absent.  
 
 
Figure 3.7 Error bar plot detailing direct radiation below canopy of Photon Flux Density in μmol m-2 s-1at 
60cm and 180cm heights from 2m distance at Canal Area sites where Lewin’s Rail are present and sites where 
they are considered absent. 
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3.8.4 Ground cover comparison in Canal Area in area where birds were present 
and where they were absent 
 
The error bar plot in Figure 3.8 shows there was no significant difference in the ground 
cover variables of leaf litter (t=0.039; df=7.4; p=0.972), grass cover (t=0.17; df=10; 
p=0.868), shrub cover (t=0.80; df=10; p=0.442) and bare ground (t=0.002; df=10; 
p=0.999) but there was a significant difference in the other debris (t=2.24; df=10; 
pt=0.049) between sites where Lewin’s Rail were found and sites where they were 
considered absent. 
 
Figure 3.8 Error bar plot detailing the different levels of ground cover (bare ground, grass, leaf litter, other 
debris and shrubs) at Canal Area sites where Lewin’s Rail s are present and sites where they are considered 
absent. 
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3.8.5 Soil hardness and soil moisture comparison at sites where Lewin’s Rails are 
present and sites where they are absent 
 
3.8.5.1 Soil moisture 
 
Using the HydroSense ® Soil Moisture probe the percentage moisture content of 21 
sites were tested and of these, 6 of the sites had saline soil with conductivity of over 2 
dS m-1 and therefore soil moisture could not be determined using the probe. Lewin’s 
Rails were less likely to be found on sites with saline soil with only 1 of 6 saline sites 
having Lewin’s Rail present. They were more likely to be found on sites with non saline 
soils with 12 out of 15 sites having Lewin’s Rails present (Fisher’s Exact test; p = 
0.014). For the 15 sites with a soil moisture reading, there was no difference in mean 
soil moisture between sites with (mean = 21.4; sd = 15.7) and without (mean = 17.9; sd 
= 19.11 ) Rails (t13 = 0.33; p = 0.748). 
 
3.8.5.2 Soil hardness 
 
Soil hardness also showed no difference between Rail (mean = 0.56 k/cm2; sd = 0.208)  
and non-Rail (mean = 0.49 k/cm2; sd = 0.280)  sites (t18 = 0.72; p = 0.481). I also tested 
soil hardness at the top and bottom of runnels at seven sites. There was no difference in 
soil hardness between these positions (upper mean = 0.41; sd = 0.219; lower mean = 
0.57; sd = 0.450; t6 = 0.874, p = 0.416). 
 
3.8.6 Comparison of vegetation structure of test sites in wetland areas in Brisbane 
surrounds where Lewin’s Rails were present or absent  
 
Of the ten sites that were selected for testing the relationship between vegetation 
structure and presence of Lewin’s Rail, Lewin’s Rail were expected to be present at five 
sites (high levels of horizontal and lateral cover to 60cm, and or Lewin’s Rail recorded 
on site by other observers) and absent at five sites (low levels of vertical and horizontal 
cover to 60cm). However, using call playback and sensor deployment, the Rails were 
detected at only three sites. Subsequent analysis of sensor data indicated that sensors 
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were not deployed for a long enough period to be reasonably certain that Rails were 
absent. 
 
The dendrogram in  Figure 3.9 is a comparison of the vegetation structure at test sites 
where the Lewin’s Rail were expected to be present or absent. The first letter in the 
label (y or n) indicates whether the birds were expected to be at a site. The following 
number is the site number. The last letter indicates whether the Lewin’s Rail were 
present (y) or absent (n). The dendrogram clearly separates out the top rows as sites 
where the vegetation structure was similar and the Lewin’s Rail were expected. The 
bottom rows are sites where the vegetation structure was different and the birds were not 
expected to be found there. Conservatively there are 5 groups of which all (1, 4, 9 & 13) 
but 1 group appeared mixed for expectation and reality. 
 
 
 
Figure 3.9 Dendrogram of Rail and non-Rail sites within the 15 test locations in 10 wetland sites in Brisbane 
surrounds  
- comparing vertical cover at 60cm and 180cm and the difference in canopy cover measured by  direct 
radiation between ground level and 60cm and between 60cm and 90cm 
  
Site label 
 
Rails expected y/n _ site number_ Rails found y/n 
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Figure 3.10 is an analysis of the horizontal vegetation density at the test sites where the 
Lewin’s Rail were expected to be present or expected to be absent based on previous 
sightings by members of local birding groups or vegetation structure. It shows that the 
birds were expected to be found at sites where the ground level horizontal structure was 
more dense than at sites where they were not expected to be present.  
 
 
Figure 3.10 Error bar plot for test sites where Lewin’s Rail were expected showing direct radiation below 
canopy of Photon Flux Density in μmol m-2 s-1at ground, 0.6m and 0.9m high 
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Figure 3.11 is an analysis of the vertical vegetation density at the test sites where the 
Lewin’s Rail were expected to be present or expected to be absent based on previous 
sightings or vegetation structure. It shows that the birds were expected to be found at 
sites where the vertical vegetation structure was more dense at 0.6m and 1.8m height 
than at sites where they were not expected to be present. 
 
 
Figure 3.11 Error bar plot for test sites where Lewin’s Rail were expected showing of vertical vegetation % 
cover up to 0.6m (green) and 1.8m (blue) high 
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Figure 3.12 is an analysis of the horizontal vegetation density at the test sites where the 
Lewin’s Rail were either found to be present or absent. It shows that the birds were 
found at sites where the ground level horizontal structure was more dense than at sites 
where they were not present; however, the birds were only confirmed to be present at 
three of the 15 sites.  
 
 
Figure 3.12 Error bar plot for test sites where Lewin’s Rail were found showing direct radiation below canopy 
of Photon Flux Density in μmol m-2 s-1at ground, 0.6m and 0.9m high 
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Figure 3.13 is an analysis of the vertical vegetation density at the test sites where the 
Lewin’s Rail were either found to be present or absent. It shows that the birds were 
found at sites where the vertical vegetation structure was more dense at 0.6m and 1.8m 
height than at sites where they were not present, however the birds were only confirmed 
to be present at three of the 15 sites. I compared the expected versus actual vegetation 
cover and the expected cover shows differences for the cover board results. 
 
Figure 3.13 Error bar plot for test sites where Lewin’s Rail were found showing of vertical vegetation % cover 
up to 0.6m (green) and 1.8m (blue) high 
3.8.7 Invertebrate abundance 
 
A total of 3,278 invertebrates in 23 broad taxonomic groups were sampled across the 14 
sites using the pit fall traps.  Figure 3.14 shows the difference in abundance of different 
groups between sites where Lewin’s Rail were present (green bars) and sites where they 
were absent (blue bars). Ants and springtails were the most common invertebrates, and 
nine of the 23 groups were represented by 10 or fewer individuals. Some groups were 
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unusual captures in terrestrial pitfall traps (stonefly larvae, crayfish), however this most 
likely demonstrates the nature of this low-lying area. Flying species (dipterans: 
mosquitoes and flies) were also common captures, and were perhaps attracted to the 
moisture and or decaying material in traps. 
 
Analyses of the 11 groups with more than 30 individuals captured indicated that there 
was always significant variation in capture rates within areas. In only one group 
(isopods) was there significant variation between Rail and non-Rail sites over and above 
the high level of variation between sites within areas. The isopods were more abundant 
at Rail sites (Table 3.2; Figure 3.14).  
 
 
Figure 3.14  Error bar plot of invertebrate numbers sampled in pitfall traps in sites where Lewin’s Rails are 
present (green) and sites where they are absent (blue). 
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Table 3.2 Numbers of sampled species in areas where Lewin’s Rail’s are present and where they are absent at 
the study site with results from nested analyses of variance testing for differences between Rail and non-Rail 
sites relative to differences between sites within the Rail and non-Rail areas. 
Invertebrate  
species 
Number sampled
where Rails 
present 
Number sample
where Rails
 absent 
F12,126  for Sit
within Group
p 
F1,12   for Grou
(Rails present o
absent) 
p
Amphipods 2 38 8.31 <0.00 2.62 0.13
Ants 948 703 3.90 <0.00 0.13 0.72
Bees & wasps 31 70 8.07 <0.00 1.13 0.30
Beetles 23 29 3.61 <0.00 0.22 0.64
Bristletails 0 2    
Caterpillars 14 11    
Crayfish 1 0    
Cockroaches 4 9    
Earwigs 3 7    
Fleas 2 0    
Flies 48 96 2.89 0.001 1.70 0.2
Grasshoppers 
crickets 
7 2    
Isopods 5 186 5.42 <0.00 6.46 0.02
Millipedes 1 9    
Mites & ticks 23 24 2.09 0.022 1.61 0.22
Mosquitos 41 19 3.89 <0.00 0.84 0.37
Snails 1 5    
Spiders 62 41 2.11 0.021 0.67 0.42
Springtails 566 72 24.21 <0.00 0.30 0.59
Stonefly adult 1 4    
Stonefly larva 2 4    
True bugs 92 58 3.90 <0.00 0.26 0.62
Worms & leeche 8 4    
Total 1,885 1,393    
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3.9 Discussion 
 
The analysis of the study site vegetation supported previous studies of grassland and 
wetland birds. There was a clear relationship between structural aspects of vegetation 
and Rail presence with horizontal and vertical density being clear indicators of habitat 
use by the Lewin’s Rails (Hildén, 1965; Cody, 1981; Murkin et al. 1997; Naugle et al. 
1999; Robert et al. 2000). Studies into habitat use and selection by other Rail species 
such as the Black Rail (Laterallus jamaicensis), Clapper Rail (Rallus longirostris) and 
California Clapper Rail (Rallus longirostris obsoletus) also identified vegetation 
structure and, in some species, water levels, as the major influence on habitat selection. 
This is because a major threat for some Rail species is flooding, which can impact nest 
success. None of the Rail research found any relationship between Rail presence and 
floristics (Anderson and Ohmart, 1985; Robert et al. 2000; Legare and Eddleman, 2001; 
Schwarzbach et al. 2006). For this study therefore, the habitat variables that were 
measured that may be influencing habitat use included vegetation structure, soil 
properties and foraging opportunities.   
 
In examining the vegetation structure it was important to take measurements at different 
heights in order to identify any fine spatial scale of the habitat (Michel et al. 2008).   
The main findings were that the vegetation structure at the lower heights were key 
determinants of habitat.  In the dendrogram (Figure 3.5) comparing vegetation structure 
of Lewin’s Rail and non Lewin’s Rail sites there was a broad clustering of Rail sites and 
of non Rail sites, suggesting that vegetation structure up to 60cms is important. The key 
variables used in the analysis were the horizontal and vertical vegetation structure. 
These were then analysed in more detail using error bar plots and post hoc tests to 
identify any significant differences. 
 
Sites where the Lewin’s Rails were present had, on average, more than double the 
percentage of vertical vegetation density at both 60cm and 180cms than the sites that 
had no Lewin’s Rails. The error bar plot in Figure 3.6 identifies the significant 
difference in horizontal cover at ground level and at 60cms high. This relationship with 
habitat use is supported by the fire regrowth data in Chapter 4 which identified the 
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vegetation density in the fire regrowth area at the point that the birds were first detected 
there post fire. Although the response of the vegetation to fire was identified through the 
regrowth measurements and analysis, the response of the birds is difficult to measure as 
there had been no population estimates or establishment of presence/absence of the birds 
carried out immediately prior to the fire.  
 
At the beginning of the presence/absence research detailed in Chapter 2 the birds did not 
respond to call playback throughout August 2007, despite the literature suggesting their 
breeding season stretches from August to January (Garnett and Crowley, 2000; 
Marchant and Higgins, 2003; Simpson & Day 1996). In unburned areas the birds finally 
started responding to the call playback in late September 2007 and it is assumed that 
some of this response is linked to breeding activity. It is possible that 5 years of drought  
leading up to the fire and the displacement of birds after the fire had an impact on the 
population. Whether this impacted breeding or not is unclear but is certainly possible. 
The birds did not respond in the fire regrowth area until the beginning of November 
2007 when vertical and horizontal vegetation density had suddenly started to increase, 
which supports the relationship found in this habitat vegetation structure analysis.  
 
While it was not evident whether the fire caused any immediate fatalities among the 
displaced Rail population, it is likely that the displacement had a negative impact on 
their fitness, with possibly up to 70% of their known (identified in the 2004 census) 
habitat destroyed.  There is still insufficient information on the impact of fire upon 
biodiversity to be able to clearly identify associations between fire patterns and the 
response of the biota to them.  As a result when there is a fire at a site it is very difficult 
to predict the species response of any species under observation. Where one species may 
survive an initial fire it may then disappear in a fire following in close succession, 
alternately it may disappear after a fire in one study area but survive in another and there 
are a number of different factors which may influence this.  
 
The Rails certainly appear to have restricted habitat requirements bound by density 
measures and their possible low flying ability (Leicester 1960, Taylor & Van Perlo, 
1998,) which could restrict their dispersal ability. Studies by Smucker et al. (2005) 
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found that populations of bird species negatively affected by fire increased in the 
unburned habitat surrounding the fire, suggesting local movement to escape. This is the 
likely result at the study site as there was no evidence of mortality found immediately 
after the fire.  
 
Whelan (2002) suggests that fauna that require dense habitat tend to be found in habitat 
that is not prone to frequent fires. He suggests that some species require refuges of 
vegetation that has remained unburned for long periods of time from which to re-
colonise a burned site once the vegetation recovers to an appropriate stage.  Certainly 
there appear to be patches within the study site that the Lewin’s Rails utilise that were 
predominantly different vegetation species to the main Lewin’s Rail habitat area. The 
main Lewin’s Rail habitat area that burned was predominantly P. australis and 
grassland with a high fuel load due to the preceding drought. However area 2, where the 
Lewin’s Rails were first located after the fire during call playback and persisted 
throughout the study is a dense woody bramble thicket with lots of foliage. This is 
unlikely to carry such a high fuel load for a rapid fire thus possibly providing an 
unburned refuge from which the birds could recolonise. 
 
The study site itself is a small area containing patches of Lewin’s Rail habitat. While the 
fire regrowth data supported the vegetation analysis data with structure up to 60cms 
being important, it was important to test this habitat structure elsewhere. The 15 test 
sites in wetlands in the Brisbane surrounds were selected on the basis of differing 
vegetation structures to those where the Lewin’s Rail had been found on the study site 
and some were selected for the previous presence of the Lewin’s Rails. Seven of the test 
sites either had structurally similar vegetation to the patches where the Lewin’s Rail 
were found on the study site or Lewin’s Rails had previously been detected there, 
therefore it was expected that they would be located there. The other eight sites had 
structurally dissimilar vegetation so the Lewin’s Rails were not expected to be there.   
 
However, the results were initially surprising. Of the seven sites at which the birds were 
expected to occur they were only found at two. It transpired that the results were 
probably impacted by the methods employed for establishing the birds’ presence. As a 
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result of the testing being carried out at toward end of the research there was not enough 
time to use call playback to visit the 15 sites the required number of days to be confident 
of absence. Using the 2007 data this would have meant 8 call playback events at each of 
the 15 sites (the 2008 data had not yet been analysed). Therefore remote sensors were 
deployed for a week at each site instead, meaning just two site visits per site, one for 
deployment and one for collection. However there were delays in availability of the 
remote sensor recordings for analysis (discussed in Chapter 2). Once it was available, 
after the test sites had been measured, the remote sensor analysis showed that Lewin’s 
Rails are not naturally prolific callers and therefore sensors have to be deployed for 18 
days before absence can be confidently assumed. In these test sites they were only 
deployed for a week. Therefore we did not have enough data to make as accurate an 
interpretation of the data as we would have liked It is likely that Lewin’s Rails were in 
fact present at more than two of the seven expected sites (and possibly at some of the 
unexpected sites) This does not however explain how of the eight sites that the birds 
were not expected at they were actually found at one. The site at which they were found 
is a low lying salt couch (Sporobolus virginicus) marsh bounded by a brook, an 
industrial road and C. glauca stands. The area floods each time there are heavy rains and 
the salt couch only reaches 30cms in height.  It is not clear why at that site the density 
height was so much lower; however, it is known that different populations of the same 
species can exist within very different environments (Rosenzweig, 1991; Morris, 2003). 
This site may in fact be sub-optimal.  
 
In many species of birds, optimal habitats are occupied first and then the poorer habitats 
are left for later individuals, such as displaced birds or fledglings seeking their own 
territory, who must wait for vacancies in the optimal habitat (Orians and Wittenberger, 
1991). This site had already been identified as not having previously been occupied in 
the 2004 faunal survey (Drury, 2004). Although the site floods, during the study it did 
not appear to flood above the salt couch which may provide enough suitable dry refuge. 
The site is just 200 metres from a patch across the industrial road found to contain 
Lewin’s Rail in the 2004 faunal survey (Drury, 2004). This was one of the test sites that 
the Lewin’s Rails were expected at but were not found. It may be that they actually are 
still present in that patch but were not detected, however the patch contained tall 
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wetland reeds which, when the sensor was deployed, were dry underfoot. On collection 
of the sensor the whole patch was submersed in up to 30cms of water with no dry 
ground visible. It is possible that this patch was suitable habitat during drought years 
when there would have been no flood events, but that once the rains of 2008 came, the 
patch was no longer viable. The population identified there in the 2004 faunal survey 
(Drury, 2004) may have emigrated to the isolated salt couch patch across the industrial 
road. While flooding appears to be a major threat to nest sites of other Rail species, 
major flood events are rare at the study site (BAC, EIS – New Parallel Runway, Surface 
Hydrology) only tending to be one in one hundred year events. It is unlikely that these 
events have a major impact on the ongoing viability of the population. 
 
So, despite Rails only being detected at two of the test sites where they were expected to 
be found, data from both sites support the key findings from the vegetation analysis at 
the study site; vertical and horizontal vegetation density influence Lewin’s Rail habitat 
use. Of the remaining test sites there are potentially more sites actually containing 
undetected Rails. These would have been identified had the call playback sampling been 
carried out over 11 site visits as described in Chapter 2.  
 
The likely reasons behind structure influencing habitat use are predator avoidance. The 
literature suggests that after habitat loss the predation by feral and native animals are big 
contributors to the loss of populations therefore it is likely that the structural aspects of 
their habitat are associated with concealment from predators (Clark and Shutler, 1999; 
Schwarzbach et al. 2006; Michel et al. 2008). Research on other Rail species on islands 
where feral predators have been removed and the Rail populations have shown 
successful population recovery (Penny & Diamond, 1971; Harding et al. 2001; Wanless 
et al. 2002; Donlan et al. 2007). Predation would not only directly impact population 
dynamics but it would have indirect influences on the Lewin’s Rail’s habitat use such as 
where they nest and forage (Schneider, 2001; Whittingham & Evans, 2004). It is likely 
that the increased vegetation density may reduce both adult and nest predation through 
increased crypsis (Willson et al 2001); with vertical cover providing camouflage from 
terrestrial predator such as foxes and horizontal cover providing camouflage from aerial 
predators such as raptors. This camouflage is provided both by obscuring them from the 
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view of predators but also by altering the light patterns so that the birds can visually 
merge with their environment (Théry, 2001). Throughout the two year period of the 
study BAC employed a feral animal control program to manage the wild pig, dog and 
fox populations present on site (there was little evidence of feral cats). Before the 
Northern Access Road Project commenced there were concerns that the disturbance 
would flush feral animal populations into the Canal Area thus potentially concentrating 
predation threats to the Lewin’s Rail.  However the fox control program only trapped 
two animals during the two year period and stomach content analysis revealed no 
evidence of Lewin’s Rails. Therefore at this particular study site predation by feral 
animals may not be as important as habitat loss arising from construction or fire.   
 
Lewin’s Rails are generally found in different types of wetlands (Marchant and Higgins, 
2003). At this particular study site the habitat patches within which they are found were 
up to 50m away from the permanent water of both the Kedron Brook and Jurassic Lake. 
Some of the patches within the fire regrowth contain runnels which trap and retain 
heavy rains for up to two weeks at time, whereas other patches appear to remain dry 
year round. There is wide variability within the patches and their locality to ephemeral 
to permanent water. The results did not show any significant relationship between soil 
moisture or soil hardness and the presence or absence of the Lewin’s Rail. However 
there was a significant relationship between soil salinity and the absence of the Lewin’s 
Rail.  Lewin’s Rail are known to inhabit brackish wetlands (Marchant and Higgins, 
2003) so their absence at saline sites is probably more related to the tidal flood events 
impacting nest sites rather than the soil salinity itself. However, as no nests were found 
during the research it is not clear whether nest locality is influenced by water locality 
which research into other Rail species has found (Anderson and Ohmart, 1985; Legare 
and Eddleman, 2001). The tidal flood events in the areas with saline soils usually 
happen at each king tide. However the large freshwater flood events from the Kedron 
Brook are so rare (BAC, EIS - Surface Hydrology) that while they would have a major 
impact on a particular breeding year, if they hit during the breeding season, the 
population overall would be likely to be able to recover during the following years.  
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The habitat patches within this study site have a wide variability in their proximity to 
permanent and to ephemeral water sources. This variability and the lack of significant 
relationships between soil hardness or soil moisture suggest that they have no influence 
on the Lewin’s Rail habitat use. 
 
While it is clear that vegetation density is playing a role in Lewin’s Rail habitat use 
there could be other influencing factors, such as prey availability in foraging patches. In 
order to examine food availability as a potential influence on Lewin’s Rail habitat use 
the  differences between the invertebrate assemblages found at sites where Lewin’s Rail 
were present and those where they were absent needed to be identified. The pit fall traps 
yielded over 3,000 organisms for analysis. The main finding was that there was very 
high site to site variation in abundance of invertebrates. Only one group showed 
significant variation between Rail and non-Rail areas above this site to site variation, 
isopods. Isopods are generally found in high humidity environments such as crevices or 
leaf litter and are likely to form part of the Lewin’s Rail diet as they appear in the 
stomach content analysis of other Rail species (Franklin et al. 1979; Ohmart and 
Tomlinson, 1977). The differences could also be related to with the types of vegetation 
that those particular invertebrates are found in rather than the Lewin’s Rail selecting 
foraging areas for the invertebrate assemblages. 
 
Isopods have been found in the diets of other Rail species. Other species research has 
focussed on gut content, either by forcing birds to regurgitate or by culling the birds 
(Robert et al. 1997; Zembal and Fancher 1988; Franklin et al. 1979; Jenkins, 1979; 
Ohmart and Tomlinson, 1977; Oney, 1951; Moffit, 1941) rather than prey availability. 
The disadvantages of such an invasive approach are those of eithics and of cost. The 
permit granted for this study did not even permit the handling of birds, let alone taking 
samples from or culling them. Even if this permission had been granted, the costs 
involved in the logistics of catching such a cryptic species would likely have been way 
beyond the funds available for the research. The study by Oney (1951) found that the 
predominant gut contents of the Clapper Rails (Rallus longirostris) were snails and 
crabs with very little in the way of insects. The study by Zembal and Facher (1988) 
found that the light footed Clapper Rail (Ralius longirostrisle vipe) diet consisted of 
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crabs, snails, crayfish, isopods, beetles and berries although they confirmed there were 
probably many unidentified items in the regurgitated samples. Study of the Galapagos 
Rail (Laterallus spilonotus) identified dragon flies, moths, bugs, ispopods, amphipods, 
snails and seeds (Franklin et al. 1979). Study of the Guam Rail (Rallus owstoni) gut 
content revealed predominantly snails but also grasshoppers, earwigs, moths and seeds.  
Study of the Western Clapper Rail (Rallus longirostris yumanensis) gut content revealed 
predominantly crayfish, isopods and clams with small numbers of a variety of other 
invertebrates (Ohmart and Tomlinson, 1977). Study of the Western Clapper Rail (Rallus 
obsoletus obsoletus) gut content revealed predominantly mussels, spiders, crabs and 
snails (Moffit, 1941). Study of the regurgitated stomachs of the yellow Rail 
(Coturnicops noveboracensis) revealed predominantly beetles and spiders with small 
amounts of other invertebrates and seeds (Robert et al. 1997). Overall it appears that 
crabs, snails and isopods are all common in gut content analysis with other invertebrates 
and seeds appearing with less frequency. The presence of crabs and crayfish in the 
analyses are likely to be influenced by the locality of the Rail species, only evident in 
the Rail species found close to crab and crayfish habitat. However this particular 
population of Lewin’s Rail were often identified as being present up to 500m from a 
permanent water source. Pitfall traps laid this far from a permanent water source would 
be unlikely to yield crabs and crayfish, but that does not mean they have not been 
present at other times. Incidental findings of crayfish shells were made occasionally at 
the study site throughout the study. It is assumed that the crayfish have been present 
during a wetter period when there was less distance between ephemeral and permanent 
water. It is therefore possible that when present, crayfish make up part of the Lewin’s 
Rail diet. It is also possible that the time it takes for the shells on crabs, crays and snails 
to be digested influences their predominance in gut analysis with softer bodied 
invertebrates breaking down sooner, so isopods may play a more significant role in diet 
than has been observed.  
 
Overall it appears that other Rail species are opportunistic and their foraging is 
influenced by prey availability. However, while the abundance of some invertebrate 
groups is likely to be important for Lewin’s Rail, there is no strong indication from this 
study that Lewin’s Rail habitat use is driven more by food than by the structural aspects 
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of habitat. A key outcome of this brief invertebrate study was to demonstrate that there 
was very high variability in abundance between sites, independent of whether they were 
in Rail or non-Rail areas. Therefore any study of invertebrate availability would require 
extremely large sample sizes in order to adequately assess differences in abundance. 
Some attention could also be paid to total invertebrate biomass in different locations. It 
is also important to note that both invertebrate availability and Rail diet need to be 
assessed in combination, and until both sets of data can be collected it will be difficult to 
reliably assess the role of food over other factors that might influence habitat use. 
Nevertheless, the high level of variation in invertebrate abundance between sites and the 
lack of any strong indication that some groups were more common in areas used by 
Rails suggest that vegetation structure may be a more important factor in Lewin’s Rail 
habitat use. 
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Chapter 4 Response of potential Lewin’s Rail habitat to fire 
. 
4.1 Introduction 
 
Fire is a natural disturbance, an integral part of the wet-dry cycle of the Australian 
tropical landscape (Gill et al. 1990; Edwards et al. 2001). It is a dynamic process that 
varies temporally and spatially, shaping plant communities and recycling carbon and 
nutrients. Meteorological conditions have a major influence on the behaviour of fires. 
Temperature, humidity and rainfall all influence the combustibility of the fine fuels and 
drought impacts the moisture content of the coarser fuels, such as the deeper litter beds 
and the existing vegetation (Carey, 2002). 
 
At the beginning of this study, April 2007, the main area thought to be used by the 
Lewin’s Rail and its surrounds were subject to a wildfire. No ground truthing of 
vegetation measurements or establishment of presence/absence of Lewin’s Rail had 
been carried out prior to the fire. A BAC investigation established the fire was started by 
a “rogue” spark produced by a slasher whilst slashing alongside a blue metal fire tRail 
(W. Drury, personal communication). The spark produced smouldering embers in the 
drought affected vegetation.   
 
There are a number of ways that the fire may have impacted the Lewin’s Rail.  The 
immediate effect would have either been the birds’ emigration, to flee the danger, or its 
direct mortality. The loss of resources including vegetation cover, nest and foraging 
sites, probably forced them into neighbouring, possibly sub-optimal, habitats, 
potentially impacting their fitness. Overcrowding, intra and inter specific resource 
competition and exposure to increased predation threats are additional likely stressors 
(Whelan et al. 2002).  Predicting the fire response and impact on a species such as the 
Lewin’s Rail is difficult and certainly site specific.  
 
Vegetation and faunal population responses to a fire can vary. Variations include: no 
response, reduction followed by recovery of population size, local extinction with no, or 
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eventual recovery, population increase followed by decline and lastly, rapid decline 
followed by a rapid increase then a gradual decline (Whelan et al. 2002). Response is 
also affected by the fire regime, being the time since previous fire events and the fire 
characteristics such as intensity, season, patchiness and post fire climatic conditions. 
Plant species having sub-surface parts, for example rhizomes, allow for a rapid recovery 
so usually do not suffer local extinctions (Brown et al. 2000).  
 
P australis was observed to be the predominant vegetation present throughout the main 
area where the Rails were found (Error! Reference source not found.) prior to the fire. 
There was also mixed grassland and within grasslands, and with the P.australis 
rhizomes, the pre-fire structure of the vegetation usually reasserts itself quickly as new 
stands can shoot up from surviving root systems (Smith, 2000) 
 
The fire introduced a new dimension to the study; an opportunity to examine the 
response to fire of the vegetation within the Lewin’s Rail habitat. The vegetation 
structure’s recovery is an important element in terms of the persistence of the Lewin’s 
Rail in that area as the are made up over 70% of the remaining habitat available to the 
birds after the planned construction projects. The fire allowed an examination of how 
rapidly the vegetation returns to a condition where the Lewin’s Rail can reinhabit the 
area. Measurements of the rate of regrowth referenced against the time of reinhabitation 
would provide information about the vegetation requirements for habitat use.  
 
4.2 Main aims 
 
4.2.1 To measure the response of the vegetation structure, within the main area where 
Lewin’ Rail are found, to the fire by taking monthly measurements of the regrowth at 10 
randomly located sites within the burned area. 
4.2.2 To measure two unburned sites with similar structural characteristics on a monthly 
basis for comparison with the burned sites. 
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4.3 Methods 
 
4.3.1 Fire affected area 
 
The fire affected much of the main area where Lewin’s Rail were found in the 2004 
census, detailed with a pink border on the map shown in Error! Reference source not 
found.  
 
4.3.2 Habitat description 
 
The vegetation within the main Lewin’s Rail habitat area was not measured prior to the 
fire. However, a brief visual inspection of the site prior to the fire indicated that the 
vegetation had been thick grassland of up to about 6 metres, predominantly made up of 
P australis but with other grass species and small woody shrubs such as native tobacco 
(Solanum mauritianum), and lantana (Lantana camara) present. This was consistent 
with the vegetation description for the area provided in the 2004 biodiversity survey 
(Drury, 2004). Some areas adjacent to the study area had remained unburnt. While these 
areas were not exactly the same as the burnt area in terms of plant composition (grasses 
were more dominant) they were structurally similar. Two sites within this area were 
selected as controls. 
 
4.3.3 Data collection 
 
It is important to include randomly selected sites from within a study area so as to 
ensure that the samples are representative (Sutherland, 2006). Therefore 10 Vegetation 
Measurement Points (VMPs) were selected randomly from the 5 transects across the 
whole of the burned main Lewin’s Rail habitat area. They were each a different distance 
in from the road, selected on a map and then marked on to GPS. In order to establish 
whether the fire regrowth area recovered to its pre-fire state a comparison of what the 
burned area would have been like had there been no fire is required. The use of similar 
unburned sites as controls would allow for that comparison. Control sites are common 
practice within ecology, particular restoration ecology (Platts et al. 1987; Falk et al. 
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2006).  However there were no sites adjacent to the burnt area that had exactly the same 
pre-fire vegetation as the burnt area, although there were nearby sites with similar 
vegetation structure and where Lewin’s Rail had been previously recorded. Therefore, 
two random VMPs were therefore selected within the neighbouring unburned Council 
land (VM006 and VM254) as control measures for comparison purposes. Measurements 
commenced in May 2007 and were carried out monthly at each of the 12 points for the 
next year in order to be able to establish the rate of recovery of the vegetation. Climatic 
data over the year was also recorded from the Bureau of Meteorology 
(www.bom.gov.au) to examine whether growth rates in the burned area were faster 
when the weather was more conducive to growth, ie higher rainfall. This is because it is 
understood that water stress can have a major negative impact on recovery (Falk et al. 
2006). The VMP locations are detailed on Figure 4.1. 
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Figure 4.1 Map detailing Vegetation Mapping points for fire regrowth area 
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4.3.4 Vegetation structure 
 
Vegetation structure was assessed in the same way that was used for assessing 
vegetation structure at sites where Rails did and did not call. These included 
measures of horizontal, vertical and ground cover and are described in Section  
3.4 Vegetation data collection.  These measurements were recorded at each VMP 
monthly over the period from May 2007 to May 2008 
 
4.4 Results 
 
No systematic measurements were taken at the site until a month after the fire as there 
was very little initial regrowth. Photographs taken within a couple of days of the fire 
show the area devoid of any vegetation. The images show the general rapid rate of 
recovery of the vegetation at the site over the subsequent months (Figure 4.2). 
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Study site one week after fire, previously predominantly grassland 
 
Study site one month after fire showing sprouting grasses and P australis 
 
Study site two months after fire 
 
Study site five months after fire 
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Study site six months after fire 
 
Study site seven months after fire 
 
Study site eight months after fire 
 
Study site in January 2008, 10 months after fire showing grasses and P australis at
approx 1m height 
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Study site in January 2009, 20 months after fire showing grasses and P australis at
approx 1.6m height 
Figure 4.2  Images of vegetation fire regrowth in main Lewin’s Rail area after wildfire in April 2007 
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4.4.1 Vertical density 
 
4.4.1.1 To 60 cms high 
 
Vegetation measurements were taken at intervals between 30th May 2007 (one month 
after the fire) and 13th May 2008. The vertical density up to 60cms gradually increased 
at a steady rate in the fire regrowth area until October 2007 when it almost doubled from 
the previous month. It then increased dramatically from the 25%-40% range to the 65%-
75% range over the following month to November 2007. The two council land sites 
unaffected by fire and used as control sites were highly variable. They were at either end 
of the patch and one end was thick P.australis and grassland graduating down the patch 
to woody weeds and grassland. VM006 generally maintained a dense grassland 
vegetation cover; VM254 had cyclical dieback and regrowth. The measurements taken 
in August and September reflect one of the die back periods. Burnt sites had similar 
cover to unburnt sites by November 2007 and to one unburned site by August 2007.  
 
 
Figure 4.3 Error bar plot of vertical vegetation % cover up to 0.6 m high in the fire regrowth (red) and the 
“control” areas (green and blue) 
Rails start responding to Call 
Playback elsewhere 
Rails start responding to Call Playback in fire regrowth 
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The Rails started responding to call playback at the non fire affected sites at the end of 
August 2007, suggesting the start of the breeding season. In the fire regrowth area they 
did not start responding until the first week in October, which may indicate the point at 
which the regrowth reached optimum conditions for breeding. 
 
4.4.1.2 To 180 cms high 
 
The vertical density to 180 cms (the full height of the coverboard) in the fire regrowth 
area gradually increased each month until it reached approximately 10%-15% vertical 
cover in October 2007. In the month between October and November 2007 the Lewin’s 
Rails returned to the fire regrowth area. During this time the vertical density had rapidly 
increased. It increased from approx. 10%-15% in October to 30%-45% cover in 
November (see Figure 4.4). Throughout this time the two control sites fluctuated widely 
in their percentage of cover, starting at less than 10% in May 2007 and fluctuating up to 
40%-100% by May 2008. 
 
Figure 4.4 Error bar plot of vertical vegetation % cover up to 1.8 m high at 2 m distance in the fire regrowth 
(red) and the “control” areas  (green and blue) 
Rails start responding to Call 
Playback elsewhere
Rails start responding to Call Playback in fire regrowth 
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4.4.1.3 Change in vertical density of vegetation in relation to rainfall   
 
Figure 4.4 shows the monthly rainfall at the study site from May 2007 to May 2008 and 
shows the high rainfall levels in January and February 2008. Figure 4.6 shows that there 
was no relationship between the change in vertical vegetation density over time and 
rainfall levels (regression; F1, 7 = 0.11; p = 0.75; r2 = 0.02). The high rate of growth 
shown in Figure 4.6 was associated with relatively moderate rainfall in October 2007. 
This suggests seasonal growth may be important.  
 
Figure 4.5 Graph detailing the monthly rainfall at the study site 
 
Figure 4.6 Scatter plot of the average daily change in vertical vegetation density in the fire regrowth against 
the average daily rainfall 
Airport Rainfall
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4.4.2 Horizontal density (canopy cover) 
 
4.4.2.1 Ground level 
 
Figure 4.7 shows the level of direct radiation below canopy in the fire regrowth area 
(red bars) and the two control sites (blue and green dots) at ground level. The amount of 
direct radiation remains similar from May to October 2007. This shows that the 
horizontal vegetation density did not start to increase until after then. The measurement 
in November showed a rapid decrease in the Photon Flux Density from around 8,000 
micromoles per square metre per second in October to between 5,500-6,500 micromoles 
per square metre per second. The data for September and November 2007 was lost. 
 
 
Figure 4.7 Error bar plot of direct radiation below canopy of Photon Flux Density in μmol m-2sec-1at ground 
level in the fire regrowth (red) and the “control” areas (green and blue). Note there are no data for September 
and November 2007. 
  
Rails start responding to Call 
Playback elsewhere
Rails start responding to Call Playback in fire regrowth 
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4.4.2.2 To 60cm high 
 
Figure 4.8 shows the level of direct radiation below canopy in the fire regrowth area 
(red bars) and the two control sites (blue and green dots) at 60cms height. The amount 
of direct radiation remained similar from May to September 2007 showing that the 
horizontal vegetation density did not start to increase until after then. The measurement 
in October showed the range of readings across the fire regrowth sites start to decrease 
in the Photon Flux Density from between 7,000-8,000 micromoles per square metre per 
second to between 7,000-7,500 micromoles per square metre per second in November. 
 
 
Figure 4.8 Error bar plot of direct radiation below canopy of Photon Flux Density in μmol m-2sec-1 at 0.6 m 
high in the fire regrowth (red) and the “control” areas (green and blue) 
 
  
Rails start responding to Call 
Playback elsewhere
Rails start responding to Call Playback in fire regrowth 
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4.4.2.3 To 90 cm high 
 
Figure 4.9 shows the level of direct radiation below canopy in the fire regrowth area 
(red bars) and the two control sites (blue and green dots) at 90cms height. The amount 
of direct radiation remains similar from May to September 2007 showing that the 
horizontal vegetation density did not start to increase until after then. The measurement 
in October showed the range of readings across the fire regrowth sites start to decrease 
in the Photon Flux Density from between 7,500-8,000 micromoles per square metre per 
second to between 7,000-8,000 micromoles per square metre per second in November. 
 
 
Figure 4.9 Error bar plot of direct radiation below canopy of Photon Flux Density in μmol m-2sec-1 at 0.9 m 
high in the fire regrowth (red) and the “control” areas (green and blue) 
 
 
  
Rails start responding to Call 
Playback elsewhere
Rails start responding to Call Playback in fire regrowth 
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4.4.3 Ground cover 
 
Figure 4.10 to Figure 4.14 show variations in different ground cover measures at the fire 
regrowth sites and the two control sites. As regeneration occurred in the fire regrowth 
area the amount of bare ground and debris decreased and leaf litter, grass cover and 
shrub cover increased. The highest levels of cover regeneration occurred 12 months 
after the fire and both control sites were highly variable due to cyclical diebacks and 
regrowth of the grassland. 
 
 
Figure 4.10 Error bar plot of percentage of bare ground over time in the fire regrowth (red) and the “control” 
areas (green and blue) 
Rails start responding to Call 
Playback elsewhere
Rails start responding to Call Playback in fire regrowth 
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Figure 4.11 Error bar plot of percentage of leaf litter over time in the fire regrowth (red) and the “control” 
areas (green and blue) 
 
Figure 4.12 Error bar plot of percentage of grass cover over time in the fire regrowth (red) and the “control” 
areas (green and blue) 
Rails start responding to Call 
Playback elsewhere
Rails start responding to Call 
Playback elsewhere
Rails start responding to Call Playback in fire regrowth 
Rails start responding to Call Playback in fire regrowth 
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Figure 4.13 Error bar plot of percentage of shrub cover over time in the fire regrowth (red) and the “control” 
areas (green and blue) 
 
Figure 4.14 Error bar plot of percentage of debris such as burned vegetation over time in the fire regrowth 
(red) and the “control” areas (green and blue) 
Rails start responding to Call 
Playback elsewhere
Rails start responding to Call 
Playback elsewhere
Rails start responding to Call Playback in fire regrowth 
Rails start responding to Call Playback in fire regrowth 
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4.5 Discussion 
 
The wildfire at the Brisbane airport site was an unfortunate event that totally removed 
vegetation cover in what had previously been identified as key Rail habitat in a 2004 
survey. On visiting the site the day after the fire, a transect walk of the site  found that 
there was no evidence of Lewin’s Rail mortality however there were many crows 
(Corvus orru) evident which may have already scavenged any Rail carcasses. Given the 
availability of cover in the surrounding areas it is possible that the Rails emigrated to the 
cover in order to flee the fire danger. 
 
Monitoring of the site indicated that post-fire vegetation recovery was rapid, with high 
cover levels being attained within six months.  There are different classifications for the 
impacts of fire on vegetation. This fire razed most of the main Lewin’s Rail habitat area 
burning all of the P australis, grasses and woody shrubs, leaving only a few of the taller 
trees (mainly C. glauca) alive throughout the site. Studies into the effects of wildfires on 
ecosystems classify a “stand replacement fire” as one that consumes approximately 80% 
of the above ground parts of the dominant vegetation, changing the above ground 
structure substantially (Brown et al. 2000; Huff & Smith, 2000). This is similar to the 
fire impact in this study. Studies of grassland fires (Brown & Smith, 2000; Huff & 
Smith, 2000), in particular found that, like the main Lewin’s Rail habitat area, areas 
with few or no shrubs were generally completely consumed by fire and the post fire 
vegetation change is usually rapid. Research found that vegetation conditions and 
structure returned to those similar to the pre-fire conditions after two to three years. 
However, although grasses tend to dominate the regrowth vegetation, forbs often 
increase in density and cover immediately after fire (Huff & Smith, 2000). This is 
generally what was seen at the fire site with woody weeds initially taking hold 
immediately after the disturbance and before the grasses had begun to increase in 
density. 
 
P australis is a perennial emergent macrophyte that is a dominant species in the airport 
study site. P. australis is generally found in wetlands and can tolerate frequent and 
prolonged flooding along with seasonal drying in both fresh and saline environments 
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(Asaeda et al. 2006). Its reproductive methods include seed dispersal, rhizomes and 
stolons with the rhizome depth varying according to soil and water table conditions 
(Philipp and Field, 2005). The rhizomes are unlikely to be damaged during a fire unless 
its intensity results in deep burning (Brown et al. 2000). The regeneration was swift 
with new shoots seen within a few days. If the rhizomes are damaged by fire intensity 
then regeneration is likely to be delayed until seed repopulation from neighbouring 
populations can take effect (Gucker and Corey, 2007).  
 
Although the vegetation recovered rapidly, it is not clear whether this was as a result of 
the increased rainfall post fire or the high water table levels as there are no data 
available for comparison of the rate of regrowth in drier years. There was no evidence of 
higher growth rates in periods with higher rainfall. P. australis appears to have regular 
cycles of growth to seeding stage, followed by dieback. This may be a natural process 
unrelated to rainfall and would therefore interfere with any correlation of increase in 
vegetation density over time with rainfall patterns. The years preceding the fire were 
dry, contributing to a higher fuel load. 2005 was the hottest year on record— the first 
part of the year the driest on record. By 2006 rainfall was only 51% of the annual 
average, 2007 was 76% and by 2008 this had risen to 111% of the annual average when 
the storm season returned. This gradual increase in annual average rainfall is likely to 
have contributed to the rapid recovery of the vegetation. However, the largest change in 
cover was associated with a month in Spring, so seasonal factors may also play a role. 
 
How the main Lewin’s Rail habitat area and other patches of habitat are managed in the 
future in regard to fire management is an important consideration for the future of the 
Lewin’s Rail population there. The fire in April 2007 was not an isolated event. A study 
of airport fire records in the Canal Area showed 29 separate fire incidents since 1998 
that required the attention of the Aviation Rescue and Fire Fighters (ARFF). According 
to the ARFF many of these fires are rarely started naturally, often arising from the camp 
fires of fishermen, fires lit by children or from stolen cars being torched. These fires 
frequently burn for at least a week due to the fact that much of the Canal Area is 
difficult to access; so if the fire is not impinging on Navigational Aids for the Airport, 
and smoke is not a hazard to Air Traffic Control, then the ARFF will often allow the 
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fires to ‘burn out’. If it has been very dry in the lead up to a fire, such as in 2007, then 
the smouldering fires in the leaf litter underneath the C. glauca plantations, such as the 
one surrounding the main Lewin’s Rail habitat area, are difficult to extinguish and can 
smoulder for weeks. However, according the ARFF there are very rarely any crowning 
fire events where the fire intensity is much greater and the fire travels through the tops 
of the trees (Ian Brooke, ARFF, personal communication). The method of recoding data 
within the ARFF fire records meant it was not possible to establish whether there was 
any relationship between climatic influences and fire frequency. This could have been 
useful to identify future high risk periods.  
 
This chapter examined the impact of the fire upon the vegetation in the study site. It is 
important that the impact of fire upon the birds is explored. In order to understand what 
the minimum vegetation requirements are of the Rails in order to utilise habitat, it was 
important to identify the exact point at which the birds returned to the fire regrowth site. 
The data shows that vegetation structure influences where the Lewin’s Rails are found 
and this was highlighted by the absence of the Lewin’s Rails in the fire regrowth area 
until the vegetation structure had reached a particular density. Comparison of 
surrounding habitats and the use of those different habitats by the Lewin’s Rails is 
discussed in Chapter 3. 
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Chapter 5 General Discussion 
 
The overall aim of this research was to investigate the ecology of the Lewin’s Rail 
population at BAC to provide information to facilitate the protection and integrity of 
remaining patches of habitat, while maintaining the existing population. By providing 
an understanding of the Lewin’s Rail habitat requirements, measures can be taken to 
minimise the impact of disturbance upon the population. There has been little previous 
research into the ecology of the Lewin’s Rail so this study also provides valuable 
information about this Near Threatened species.  
 
I investigated spatial variability by comparing habitat in which the Lewin’s Rails were 
found, with habitats available to use, sampled randomly from the surrounding area of 
study. This would allow inferences about choice, but assumed that all parts of the study 
area are equally available. Factors that affect availability include inter and intra specific 
competition, predator presence, disease and disturbance (Cody, 1981; Rosenzweig, 
1991; Orians and Wittenberger, 1991; Jones, 2001; Bruno et al. 2003; Begon et al. 
2003).  Predation threats, fire and construction all constitute disturbance of habitat, 
directly influencing whether patches of habitat are equally available for use by the 
Lewin’s Rail. 
 
During this study the Lewin’s Rail were found in patches throughout the Canal Area of 
BAC and also in patches directly opposite, across the Kedron Brook. This suggests that   
the occupied patches on the BAC site are part of a series of patches that occur along 
Kedron Brook and possibly through the Boondal wetlands. The population has therefore 
probably been able to persist in the area as a result of the connectivity of these patches. 
As the birds persist in patches of different sizes on both sides of the Kedron Brook, 
BAC can only really act to protect the patches on their own land and it seems likely that 
habitat protection needs to occur in the wider context.  
 
Conservation of the integrity of the remaining patches is probably the first step towards 
conserving this population, by ensuring that horizontal and vertical vegetation density 
up to 60cm is maintained. At all habitat sites there were woody weeds present. Unless 
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the weeds start to shade out the required dense vegetation then it is unlikely that weed 
control will need to be implemented, however ongoing weed control would make any 
required intervention easier to implement. Understanding the movement of the birds and 
their use of territories was beyond the scope of this study. It was evident after the fire 
however, that there was movement between patches as the birds were detected in the 
fire regrowth once the vegetation reached the required structural density. This would 
suggest that connectivity between patches needs to be maintained. The future 
construction of the new runway may impede some of that connectivity as the end of the 
runway will border Area 8. This will potentially separate areas 7,8,9,11,12 and 13 from 
Areas 2, 3, 4 and 14, with Area 1 disappearing completely (Figure 3.1). There is much 
debate about the effectiveness of corridors between patches (Beier & Noss 1998; Hobbs 
1992; Simberloff et al. 1992). Falcy and Estades (2007) examined the effectiveness of 
corridors in relation to inter patch distances. They concluded that as the distance 
between patches increases, so the enlargement of a patch may be a better conservation 
strategy for a population rather than creating a larger corridor. Research by Bender et al. 
(1998) into patch size and population decline also suggests that the larger the patch size 
the less likely the population is to suffer population decline. If the two main disjunct 
Lewin’s Rail areas become separated by the new runway, then consideration could be 
given to conversion of existing C. glauca plantations into potential Lewin’s Rail habitat 
to enlarge the existing patches. However further research into the species density to area 
relationship, the minimum patch size required for maintaining a viable population and 
the degree of isolation between patches is required to facilitate informed management. 
 
Patches of habitat are important refuges for animals fleeing fires, both to escape the 
danger and to provide areas that individuals can occupy until post fire recovery of 
vegetation. The fire in April 2007 was a major disturbance with over 70% of the known 
habitat (areas of Rail presence identified in 2004 surveys) at the study site burned. It is 
not clear what impact the fire had upon the Lewin’s Rail population as the population 
that was present during the study is likely to have been a function of a previous and 
unmeasured habitat condition, as well as the consequence of the fire. However, the 
effects of the fire are likely to include the loss of resources including vegetation cover, 
nest and foraging sites, over-crowding in refuge patches resulting in intra and inter 
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specific resource competition, and possible increased exposure to predation threats 
(Whelan et al. 2002).  Predicting the fire response and impact on a species such as the 
Lewin’s Rail is difficult and is certainly dependent upon the site, season and the fire 
intensity (Loyn, 1997; Lyon et al. 2000; Brown et al. 2000; Whelan et al. 2002). The 
data from the call playback surveys indicated a decrease in the detectability of the birds 
over the two year study period with the rate of response to call playback higher in 2007 
than in 2008. It is possible that this indicates fewer individuals present in 2008, despite 
more habitat patches being available after the rapid recovery of the vegetation after fire. 
If so this is likely to be a delayed result of the ongoing impacts of the fire and 
displacement of individuals. 
 
Birds like the Lewin’s Rail, with relatively narrow habitat requirements, restricted 
distribution, low dispersal ability or living within already fragmented habitats are most 
at risk, even from single fire events (Loyn, 1997), so future fire management is an 
important consideration for the ongoing protection of the population.  BAC have already 
implemented controls to prevent a similar fire re-occurring as result of slashing along 
the blue metal road. A manual inspection of the slashed tRail is now conducted 
immediately after the slasher has been through to ensure no embers have been created 
(Wendy Drury, personal communication). One of the BAC risk assessment outcomes of 
the fire in the main Rail habitat area within the Canal Area was the suggestion that 
additional fire tRails be incorporated across its width in a West-East direction, 
effectively trisecting it. There is much research that has examined the impact of edge 
effects and whether the retention of one large core habitat area would sustain more 
species or individuals than several small core habitat areas, which add up to the 
equivalent area of the larger area (e.g. Simberloff, 1988; Ries et al. 2004). It is 
understood that edge mediated effects can significantly alter species interactions in 
many ways such as restricting or facilitating the movement of individuals through the 
landscape and increasing cross species interactions. Ries at al. (2004) confirm that 
edges are associated with increased nest predation and parasitism for birds. While some 
studies suggest that small core habitats can support greater numbers of species than one 
large core habitat, this is of less importance in the Canal Area, where we are examining 
the impacts on just one species. Simberloff (1998) highlights an argument for the 
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benefits of small unconnected core habitats over one large one, suggesting connectivity 
can facilitate the spread of disasters such as contagious diseases, introduced predators 
and most relevant to this study, fires. He suggests that these can all be much more  
contained without connectivity. The whole of the Canal Area already comprises a 
number of patches, however the fire affected area was the largest patch, the main 
Lewin’s Rail area, providing over 70% of all of the habitat. While it is likely that the 
addition of fire trails tri-secting the fire affected area will provide some protection 
against future fire risk, it will also provide additional access points through to the core 
habitat for potential predators such as foxes, dogs, cats or pigs. This could result in an 
increase in predator movement through the core habitat, creating a disproportionately 
high frequency of contact with the Rails (Fagan et al. 1999). Therefore, while the 
maintenance of a large core habitat is likely to be important to the conservation of the 
Rails, the area characteristics such as shape and edge to area ratios should also be 
recognised and taken into account when considering increased presence of fire trails, by 
reducing the amount of habitat exposed to edges where possible. If the goal is to reduce 
risk of fire spread by including fire breaks, then an alternative strategy might be to 
separate areas using breaks that provide a suitable path of foraging substrate between 
the bi-sected patches, and deep enough in the centre to pool rainwater during heavy 
rains. This may then provide an open foraging area for the Lewin’s Rails while reducing 
fire risk.  
 
Much of the fire affected site had been predominantly P australis and tall grassland, 
common throughout much of the sites where the Rails are present.  The recovery of the 
vegetation from the fire was rapid with birds returning to the north end (Area 8, Figure 
3.5) of regrowth within 7 months. The years preceding the fire were dry, contributing to 
a higher fuel load, with 2005 the hottest year on record and 2006 rainfall only 51% of 
the annual average. However post fire, in 2007, rainfall had risen to 76% annual average 
and by 2008 this had risen to 111%. This gradual increase in rainfall is likely to have 
contributed to the rapid recovery of the vegetation, although the high water table may 
also have had an influence. Overall though, it took the birds 19 months to fully disperse 
through to the south end of the fire regrowth area (Area 13, Figure 3.5). Despite call 
playback events being carried out through the study site throughout both breeding 
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seasons, it was not until November 2008 that the birds started responding at the south 
end of the regrowth site. It is possible that these responding individuals could have been 
the new juveniles arriving to establish their own territories as they appeared to arrive en 
masse. The return of the birds to the fire regrowth area provided additional support to 
the vegetation measurement findings, that vegetation structure is the key factor 
influencing habitat use. Other potential factors that were investigated, food resource 
availability and soil moisture and hardness levels, showed no influence.  However, in 
order to reliably assess the role of food resource availability over habitat use, much 
larger sample sizes and Rail diet need to be analysed together.    
 
The horizontal and vertical density of vegetation up to 0.6 m probably provides the 
Rails with concealment from predators. However in order to understand how predation 
may be impacting the Lewin’s Rail a predator exclusion experiment would have had to 
have been set up, which was beyond the scope of this two year research project. 
Research has shown that introduced vertebrate predators have a significant impact on 
the native species that they take as prey (Côté and Sutherland, 1997; Harding et al. 
2001) and nest predation is considered to be the most important selective force affecting 
nest success in many bird species (Clark and Shutler, 1999). The limited literature 
available on the Lewin’s Rail suggests that predation from pigs, foxes and cats is an 
issue (Garnett and Crowley, 2000) with all of these feral species present within the 
airport grounds and surrounds (Drury, 2004). This is further reinforced by the taxon 
summary for the Lewin’s Rail produced by the Department of the Environment and 
Water Resources (Garnett & Crowley, 2000), which suggests that fox predation may be 
the reason behind abundance differences between the eastern and Tasmanian 
populations. Although there is evidence of foxes in Tasmania they are not yet 
established there (DPIPWE – Foxes in Tasmania). A similar comparison of abundance 
has been made between mainland Victorian populations and populations on French 
Island, in Victoria, (Plummer et al. 2003) where foxes are absent (Richard Loyn, Senior 
Ecologist Biodiversity at DSE Victoria – personal communication). This is supported by 
Smith et al. (1994) who reported that the Lewin’s Rails in NSW were being depredated 
by cats. Studies of other Rail species have concluded similarly that predation is a 
significant threat to the birds. Elliott et al. (1991) suggest that pigs and cats contributed 
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to the elimination of the Auckland Island Rail (Rallus pectoralis muelleri), with pigs 
both predating the birds and modifying the habitat. Studies of other Rails identified that 
California Clapper Rails (Rallus longirostris obsoletus) were subjected to nest predation 
predominantly by rats (Rattus norvegicus) but also by foxes (Vulpes fulva) with eggs 
predated by Gopher snakes (Pituophis melanoleuces) (Legare and Eddleman, 2001; 
Schwarzbach et al. 2006). The California Clapper Rail’s population had declined 50% 
in the five years to 1991 with evidence of the fox as the primary threat to their 
persistence (Foerster and Takekawa, 1991 – cited in Harding et al. 2001).  The initial 
concern at the airport study site was that the construction disturbance caused by the 
Gateway Upgrade Project (GUP) and the Central Parking Area (CPA) may flush 
potential predators toward the main Lewin’s Rail habitat area. This would effectively 
corral them between the construction, the Kedron Brook, the airport and the bay, 
increasing the predation pressure. However, since the fire and the commencement of the 
GUP construction, BAC have commenced a feral animal control program throughout 
the Canal Area to try to minimise this risk. During this study only two foxes were 
trapped at the study site. Stomach content analysis did not reveal any evidence of 
Lewin’s Rail (Wendy Drury, Personal Communication). It is possible that there is less 
feral animal risk at the study site than at other sites because of the lack of accessibility; 
however, as predators appear to be present and the research suggests that they contribute 
to population decline, feral animal control should remain an important consideration.  
 
Non mammalian predators are also potentially a threat. The study of the Clapper Rail 
(Rallus longirostris) by Gaines et al. 2003 found that avian predators (e.g., crows and 
raptors) were often seen hunting in the marsh and on occasion stealing eggs from nests, 
they also found egg fragments at known bird perching areas.  The study site is rich with 
avian predators with Torresian crows (Corvus orru), white bellied sea eagles 
(Haliaeetus leucogaster), black shouldered kites (Elanus axillaris), whistling kite 
(Haliastur sphenurus) and brahminy kites (Haliastur indus) all regularly sighted and the 
grass owl (Tyto capensis) located using call playback during the research. Other studies 
showed that fledglings of Black Rails (Laterallus jamaicensis) were killed by Fire Ants 
(Solenopsis invicta) (Schwarzbach et al. 2006) and there have been instances of Fire Ant 
presence within the Brisbane Area. However, in 2005, the Department of Primary 
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Industries fire ant inspectors’ targeted the main area where the Rails were found (Error! 
Reference source not found.), placing lures to attract all meat eating ants within the 
vicinity. This process was carried out twice (6 months apart) and while thousands of ant 
specimens were collected, no Fire Ants were found (Wendy Drury, Personal 
Communication). 
 
As well as predation, another potential threat for many Rail species is flood (Anderson 
and Ohmart, 1985; Eddleman and Conway 1994 – cited by Legare and Eddleman, 2001, 
Legare and Eddleman, 2001). The Canal Area is a flood plain for the Kedron Brook and 
it is also likely that the water table influences the vegetation, particularly the P australis. 
It is possible that a change in the water table level would impact vegetation structure, 
the key aspect of Rail habitat, and it is important that it remains unaffected by the 
construction. The BAC EIS Surface Hydrology report confirms that the water table 
levels will remain unaffected by the construction and that it is not likely to impact the 
frequency of the one in one hundred year Kedron Brook flood events. An increase in 
such events could negatively impact the population by impacting nesting success, a 
significant threat to other Rail species (Anderson and Ohmart, 1985; Eddleman and 
Conway 1994 – cited by Legare and Eddleman, 2001).  BAC also confirmed that there 
will be no runoff from the new runway leaching into the wetlands surrounding the 
Lewin’s Rail habitat (Wendy Drury, Personal Communication) thus maintaining the 
integrity of the water level and the water quality.  
 
Having examined fire disturbance, predation and flood, the final area of disturbance to 
discuss is the original driver behind this project, the ongoing construction projects 
around the airport. Construction disturbance includes visual, noise and physical 
disturbance such as vibrations, increased dust or runoff. In order to assess whether the 
construction disturbance was negatively impacting the Lewin’s Rails, their calling rates 
were examined from the remote sensor data for any changes in frequency. Although no 
relationship was found between calling rate and construction proximity, the data was 
limited firstly by the fact that the birds are not prolific callers, so there may not have 
been enough data, but probably most importantly, only one type of call was analysed. 
The sensor data continues to be collected and the data already analysed are stored, 
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allowing any future re-analysis and assessment. The construction is continuing on site 
for many years with the new runway not scheduled to commence construction until at 
least 2012. Although this study found no impact of the construction on calling rates, 
other research into the impacts of construction around wetlands suggest that road 
construction and woodland removal pose significant risks to wetland biodiversity  
within 2km of the construction. The risks include restriction of movement between 
populations; an increase in mortality rates; habitat fragmentation; edge effects; invasion 
by feral species, or increased human access to wildlife habitats. It also suggests that the 
impacts may not be seen for a number of years (Findlay and Houlahan, 1997; Findlay 
and Bourdages, 2000). Without continued population monitoring the impacts of 
construction on this population of Lewin’s Rail may never be understood. 
 
In order to minimise any such impacts of the ongoing construction, particularly once the 
new runway is underway, consideration should be given to buffer zones. Fencing has 
been used to some effect to protect birds from disturbance and there is evidence that 
birds become less sensitive to human disturbance when visual screening is in place, as 
long as the screening acts as a barrier to human movement (Ikutaa and Blumstein, 
2003). However anecdotal evidence gathered during this research found that the close 
proximity of researchers and vehicles did not affect the Lewin’s Rail’s call response, 
with birds often eliciting a call during the initial listening period of the call playback 
period, although this may have been an alarm call response to the researchers presence. 
Perhaps the density of the vegetation in which they are found is enough of a screen. 
However, it is difficult to extrapolate from the level of impact caused by one vehicle and 
two researchers relative to levels of disturbance caused by construction activity. Buffer 
zones need not be a physical screen such as a fence but could be a non intrusion zone. A 
non intrusion buffer zone can range in size from 15 metres up to 200 metres in width, 
around an area of interest (Rogers and Smith, 1995; Ikutaa and Blumstein, 2003; 
Fernandez-Juricic et al. 2005). Research indicates that in deciding the size of buffer 
zones the flight initiation distance (FID) of the species of interest should be tested or 
known. The FID is the distance from a bird that an approach can be to made to before 
the birds fly away. Tarlow & Blumstein (2007) cite numerous studies which identified 
that the FID can vary according to the stage of the breeding cycle; angle of approach; 
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time of year; time of day; distance to refuge; whether or not a population is hunted; type 
of disturbance and the number of intruders. There is a lot of research available on 
colonial birds and some on grassland birds but little has been done on cryptic ground 
dwelling birds. Assessing FID will be difficult for the Lewin’s Rail because of their 
crypsis. 
 
Chapter 6 Conclusions and Recommendation.  
 
Key Findings 
The overall aim of this research was to investigate the ecology of the Lewin’s Rail 
population at BAC to provide information to facilitate the protection and integrity of 
remaining patches of habitat, while maintaining the existing population. The key 
findings of this study were: 
 
 .  Lewin’s Rail is extremely cryptic and there can be significant cost (time, labour) to 
establishing that the species is present and being confident that it is absent from an area. 
 
 .  Both call playback and use of remote sensors are viable methods of assessing 
presence or absence of the species. 
 
 .  Lewin’s Rail are found in habitats with high levels of vegetation cover from ground 
level to about 0.6m. They are not found in areas with open or sparse ground cover. 
 
 .  One of the main habitats used by Lewin’s Rail, Phragmites grassland, recovers 
quickly from wildfire. Fires are unlikely to have a long-term impact on Lewin’s Rail 
provided they do not burn all suitable habitat in an area. 
 
 .  It is unlikely that there is a large population of Lewin’s Rail on airport land, and that 
this population exists in isolation from adjacent populations of the species. However, the 
persistence of a reasonable number of individuals on airport land over a number of years 
suggests that Rails on the airport land are a significant component of a more widespread 
population. 
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 .  The extremely cryptic nature of Lewin’s Rail, especially in terms of its low natural 
calling rate, meant that no firm conclusions were drawn about the impact of construction 
disturbance on the activity of Lewin’s Rail. 
 
Some recommendations can be made in relation to these findings and to gaps in 
knowledge. These recommendations are made in the context of Rail populations in the 
current study, but some recommendations have broader applications. They are outlined 
below in terms of maintaining populations and habitats, monitoring, and managing 
disturbances. 
 
 
Maintaining Lewin’s Rail population and its habitat  
Persistence of Lewin’s Rail in any location will depend on maintenance of areas with 
suitable vegetation structure. This vegetation should have a high level of lateral and 
overhead cover to a height of 0.6m. Phragmites grassland provides suitable habitat, but 
other vegetation is also used by Rails. Replacing these vegetation types with other 
habitat that has low levels of ground cover to 0.6m is likely to result in a reduced 
number of Rails.  
 
In the case of Brisbane Airport, the conservation area should be maintained because this 
area is the largest patch of suitable habitat that Rails have been found to consistently 
occupy over a number of years. Where this is not achievable, conversion of other areas 
of habitat suitable for Rails, to match the areas lost, would be an acceptable solution. 
The most important factor would be to maintain areas with suitable vegetation structure.  
 
Management of Lewin’s Rail in any relatively small area, such as Brisbane Airport, 
should be made in collaboration with neighbouring landholders. This suggestion follows 
from (i) the observation that Rails are found on airport land, and in neighbouring off-
airport land, and (ii) the population on airport land, while significant, is not likely to 
constitute a separate viable long-term population of the species. Occupation of different 
patches of suitable habitat is likely to contribute to population persistence. This was 
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highlighted by the occurrence of a wildfire that burnt a large amount of suitable Rail 
habitat. The burnt area was re-occupied by Rails once suitable vegetation structure 
returned, and it seems likely that nearby areas acted as refuge while the burnt area 
remained unsuitable. While fires will occur in the area, it is unlikely that all separate 
patches would be affected by fire at the same time. Therefore it would be of benefit to 
Lewin’s Rail if separate patches of suitable habitat were maintained by neighbouring 
landholders.  
 
The extent to which construction and change might impact on the links between 
different patches should also be considered. Construction activity may change the 
likelihood of individual birds moving between separate patches. Any movement, or 
change in movement patterns of Rails is likely to be extremely difficult to quantify. 
However, this possibility could be considered when making decisions about 
construction activity. Modifying habitats to make them more suitable for Rails may 
facilitate movement, and this possibility could be considered in the long term. These 
considerations should be made with reference to information on the patches occupied by 
Lewin’s Rail derived from long-term monitoring data. 
 
 
Monitoring Lewin’s Rail and its associated habitat 
Monitoring of Lewin’s Rail populations should continue both on airport land, and in 
adjacent areas. Monitoring of patches outside airport land is highly desirable because 
long term persistence will depend on Rails continuing to occupy a range of patches, and 
because variation in abundance on airport land, especially decline in abundance, would 
be impossible to interpret without reference to habitats outside the airport where no or 
minimal disturbance is occurring. 
 
The method of monitoring should be selected based on the long term monitoring 
requirements. A range of monitoring methods is available including call playback, fixed 
position remote sensors and portable remote sensors. The decision about the methods 
employed will need to be based on the number of sites to be monitored and the 
frequency with which monitoring occurs. The development of additional automatic call 
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recognition software may provide considerable savings where monitoring is required at 
many sites over many years. Focussing monitoring times to periods when responses are 
most likely (first hour after sunrise) should also be more efficient.  
 
The structure of vegetation should be monitored, using a standardised method (e.g. 
digital photography and coverboard), to ensure availability of vegetation suitable for 
Rails. Suitable habitat patches should also be visually checked to ensure that emergent 
woody weeds (i.e woody weeds that shade lower vegetation layers) do not occur in 
densities that might cause reduction of vegetation cover below 0.6m.  
 
Feral animal monitoring is also recommended. While no data on impact of feral animals 
were collected as part of this study, anecdotal information suggests that feral animals, 
particularly foxes, may have significant impact on Rails (Garnett & Crowley, 2000; 
Plummer et al. 2003). Therefore, where possible, monitoring programs could 
incorporate feral animal monitoring so that control measures might be taken in cases 
where significant increase in feral animal activity is detected.  
 
Strategies in relation to disturbance 
Based on the fire event in 2007, it seems that fire is not likely to pose a long term threat 
to Lewin’s Rail on the airport site if future fires occur at similar frequency, intensity, 
and patchiness. However, this should be continually monitored, and extra fire 
prevention strategies might need to be adopted if there is a significant reduction in the 
number of patches occupied by Rails. Creating additional fire breaks, that separate 
existing continuous patches, needs to be carefully considered. The additional edge 
effects and the potential impact on wildlife that fire breaks create need to be weighed up 
against the risk of damage caused by wildfire. Consideration could be given to 
firebreaks in the form of channels rather than cleared land.  
 
It is difficult to make recommendations based on the impact of disturbance caused by 
construction and general airport activity. Recordings indicate that Rails occur in a 
location where there is constant background traffic noise (Gateway Motorway), and 
Rails occupy patches adjacent to runways. However, a major gap in knowledge remains 
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our understanding of how disturbance caused by construction activity, or proximity to 
overhead air traffic might impact on Rails. The extremely cryptic nature of the bird (i.e. 
rarely seen or heard) makes this a very difficult aspect to study, and a rigorous scientific 
investigation that provides a definitive answer to this question would require significant 
effort. Nevertheless the airport in this example, and more generally, other organisations 
that are required to monitor wildlife, could contribute to the understanding of the impact 
of disturbance by designing their long term monitoring programs to help answer these 
questions. 
 
Cryptic wetland bird species are difficult to study and an understanding of their ecology 
will therefore often be based upon limited types of observational data (such as 
presence/absence) and low sample sizes. Nevertheless, in this study I was able to use 
presence/absence data to establish that vegetation structure appears to be a key habitat 
requirement for the Lewin’s Rail. Conservation of this species will require maintenance 
of this type of vegetation structure in a matrix of connected patches. Long term viability 
of these populations will also depend upon maintaining a large enough number of these 
patches with appropriate levels of connectivity between them. Determining the required 
number, size and level of connectivity of the patches is the area of research required to 
ensure conservation of this threatened species. 
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Appendix 1 
 
Habitat descriptions at Canal Area study site  
 
Area 1 
 
Bordered on one side by a chain link fence around a runway this area is predominantly 
tall grassland such as Brachiaria mutica, Bromus catharticu, Chloris gayana , Holcus 
lanatus up to 1 m high with patches of P australis and woody bushes. It has level 
topography and at one end is a tidal drain. 
 
Area 2 
 
Bordered on one side by a sealed road this area is predominantly impenetrable woody 
bramble thicket up to 1 m high with level topography. There are also C. glauca stands 
and some small patches of low grassland up to 0.4 m high. 
 
Area 3 
 
This open grassland with carpet grass (Axonopus fissifolius) with level topography is 
predominantly grasses such as Brachiaria mutica, Bromus catharticus, Chloris gayana, 
Holcus lanatus and woody weeds such as cobblers pegs (Bidens pilosa), spear thistle 
(Cirsium vulgar)of up to 1 m in height with small patches of P australis and C. Glauca. 
 
Area 4 
 
This is an open grassland site with level topography that also contains stands of C. 
Glauca. The grasses such as Brachiaria mutica, Bromus catharticus, Chloris gayana, 
Holcus lanatus vary in height up to 1.2 m and there is an ephemeral pool with fringing P 
australis. 
  
134 
 
 
Area 5 
 
Bordered on one side by the Kedron Brook this low lying area is prone to some tidal 
inundations at king tides and is bordered on the other side by higher lying C. glauca 
stands. It is predominantly tidal grasslands consisting mainly of salt couch (Sporobolus 
virginicus) and coastal succulents such as ruby salt bush (Enchylaena tomentose). 
 
Area 6 
 
Within the main Lewin’s Rail area, this small area has undulating runnels running 
parallel to each other about 1.5 m apart. Each runnel is approximately 0.4 m in height 
between the bottom of the runnel and the top of the ridge. The vegetation is a mixture of 
different small herbs such as pennywort (Centella asiatica), bindweed (Convolvulus 
erubescens), kidney grass (Dichondra repens),  small grasses up to 0.4 m such as carpet 
grass (Axonopus fissifolius), McCoy grass (Cyperus gracilis),  with one isolated patch of 
P australis of up to 1.2 m in height. There are woody weeds up to 1 m such as cobblers 
pegs (Bidens pilosa), spear thistle (Cirsium vulgar) and taller wild tobacco (Solanum 
mauritianum) stands. It is surrounded on two sides by a C. glauca plantation. 
 
Area 7 
 
Running around the main Lewin’s Rail area this is a C. glauca plantation. It has 
undulating runnels running parallel to each other about 1.5 m apart. Each runnel is 
approximately 0.4 m in height between the bottom of the runnel and the top of the ridge 
and after heavy rains the runnels at the northern end can remain flooded for a number of 
days. The canopy cover is quite dense and as a result the ground cover has little 
vegetation and is predominantly a thick layer of casaurina leaf litter with some wild 
tobacco (Solanum mauritianum) and lantana (Lantana camara) stands at the edges. 
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Area 8 
 
Within the main Lewin’s Rail area, this area has undulating runnels running parallel to 
each other about 1.5 m apart. Each runnel is approximately 0.4 m in height between the 
bottom of the runnel and the top of the ridge and after heavy rains the runnels remain 
flooded for a number of days. The vegetation is a mixture of small herbs such as 
pennywort (Centella asiatica) bindweed (Convolvulus erubescens) kidney grass 
(Dichondra repens),  different height grasses from small clumps up to 0.3 m such as 
carpet grass (Axonopus fissifolius), dianella (Dianella longolfolia) up to some patches of 
large grasses such as Brachiaria mutic, Bromus catharticus, Chloris gayana, Holcus 
lanatus  and patches of P australis of up to 1.2 m in height. There are woody weeds up 
to 1 m such as such as cobblers pegs (Bidens pilosa), spear thistle (Cirsium vulgar), 
bladder cotton (Gomphocarpus physocarpus ) large patches of lantana (Lantana 
camara) and occasional taller wild tobacco (Solanum mauritianum) and C. glauca 
stands. 
 
Area 9 
 
Within the Council land this area has flat topography and is bordered on one side by the 
Kedron Brook and on two other sides by a raised blue stone access road and an unsealed 
road.  It is predominantly tall grasses such as Brachiaria mutica, Bromus catharticus, 
Holcus lanatus and P australis up to 1.2 m high interspersed woody weeds such as 
cobblers pegs (Bidens pilosa)  spear thistle (Cirsium vulgar) and  bladder cotton 
(Gomphocarpus physocarpus )  throughout. 
 
Area 10 
 
This area comprises a C. glauca plantation with flat topography that has enough light 
permeating through the canopy to provide full ground cover of small grasses such as 
carpet grass (Axonopus fissifolius) McCoy grass (Cyperus gracilis), and asparagus fern 
(Asparagus densiflorus). Also present were ground creeping vines (Anredera 
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cordifolia), morning glory (Ipomoea indica) which also climb the C. glauca and ground 
cover contained some ruby salt bush (Enchylaena tomentose). 
 
Area 11 
 
Within the main Lewin’s Rail area, this area has undulating runnels running parallel to 
each other about 1.5 m apart. Each runnel is approximately 0.4 m in height between the 
bottom of the runnel and the top of the ridge. The vegetation is a mixture of small herbs 
such as pennywort (Centella asiatica), bindweed (Convolvulus erubescens), kidney 
grass (Dichondra repens). There were different height grasses from small clumps up to 
0.3 m such as carpet grass (Axonopus fissifolius), dianella (Dianella longolfolia) up to 
some patches of large grasses of up to 1.2 m in height such as Brachiaria mutica, 
Bromus catharticus, Chloris gayana and Holcus lanatus. There were lots of woody 
weeds up to 1 m such as cobblers pegs (Bidens pilosa), bladder cotton (Gomphocarpus 
physocarpus) and occasional taller wild tobacco (Solanum mauritianum) and C. glauca 
stands. 
 
Area 12 
 
Within the Council land this area has flat topography and is bordered on one side by the 
Kedron Brook and on the other by a raised blue stone access road.  It is predominantly 
low grasses up to 0.4 m with woody weeds such as cobblers pegs (Bidens pilosa) and 
fleabane (Conyza bonariensis) throughout with small isolated patches of P australis. 
 
Area 13 
 
Within the main Lewin’s Rail area, this area has undulating runnels running parallel to 
each other about 1.5 m apart. Each runnel is approximately 0.4 m in height between the 
bottom of the runnel and the top of the ridge. The vegetation is predominantly large 
grasses such as Brachiaria mutica, Bromus catharticus, Chloris gayana and Holcus 
lanatus. There are large patches of P australis of up to 1.2 m in height with woody 
weeds up to 1 m such as cobblers pegs (Bidens pilosa), fleabane (Conyza bonariensis), 
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spear thistle (Cirsium vulgar) and bladder cotton (Gomphocarpus physocarpus). Also 
present is the occasional taller wild tobacco (Solanum mauritianum) and C. glauca 
stands and small herbs such as pennywort (Centella asiatica) bindweed (Convolvulus 
erubescens) and kidney grass (Dichondra repens). 
 
Area 14 
 
Jurassic lakeside, this habitat is predominantly fringing P australis vegetation with some 
woody ground creepers (Anredera cordifolia) edged with shorter grasses such as carpet 
grass (Axonopus fissifolius).  Also some weeds up to 0.5 m such as fleabane (Conyza 
bonariensis) and bladder cotton (Gomphocarpus physocarpus) and some C. glauca 
present. 
 
Area 15 
 
Bordered on three side by an estuarine drain, the ocean and the Kedron Brook this low 
lying area is prone to regular tidal inundations at king tides. It is a mixture of C. glauca 
stands on the higher ground and salt couch (Sporobolus virginicus) and coastal 
succulents such as ruby salt bush (Enchylaena tomentose), and samphire (Sarcocornia 
quinqueflora) on the lower ground. 
 
Habitat descriptions at vegetation test sites  
 
A total of 15 sites in four broad areas were used as test sites outside the Brisbane 
Airport area. Eleven sites were selected in and around Boondall Wetlands, two sites at 
Minnippi wetlands and one each at Lake Samsonvale and at Buckley’s Waterhole, 
Bribie Island (at the last three Rails have previously been recorded there and at Boondall 
Wetlands Rails have been recorded at two of the sites. 
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Boondall wetlands and surrounds 
 
This area encapsulates the land between Kedron Brook and the Boondall Wetlands, 
around Nudgee Golf Course, the west of the Nudgee Transfer Station and includes the 
Boondall Wetlands itself. 
(1 & 2) This area comprised tall grasslands up to 1 m in height with woody weeds and 
some C. glauca, located within 50 m of Kedron Brook and bordered by a golf course on 
one side and a bike path on the other. 
(3 & 4) Short tussocky grasslands up to 0.3 m in height underneath C. glauca 
woodlands. Bordered on one side by a bike path and the other by Kedron Brook. 
(5 & 6) Open tussocky salt couch (Sporobolus virginicus) grasslands up to 0.3 m in 
height, some occasional C. glauca and small patches of P australis. Prone to flooding 
during heavy rains, bordered on one side by an industrial road and the other by Kedron 
Brook, contains an ephemeral pond. 
(7 & 8) Open tussocky salt couch (Sporobolus virginicus) grasslands up to 0.3 m in 
height and samphire (Sarcocornia quinqueflora) ruby salt bush (Enchylaena tomentose). 
herbland and some occasional C. glauca prone to flooding in king tides and heavy rains. 
Located within 50 m of Nundah Creek. 
(9 & 10) Swamp oak (C. glauca) open forest with swamp paperbark (Melaleuca 
ericifolia), short tussocky grasslands up to 0.2 m in height. Located within 50 m of 
Nundah creek.  
(11& 12) Open forest of swamp paperbark (Melaleuca ericifolia), Queensland blue gum 
(Eucalyptus tereticornis) and swamp box (Tristania suaveolens) with tall grassland 
patches up to 1 m in height. Bordered by an access road and she oak open forest. 
Located within 50 m of Nundah creek. 
 
Buckley’s Waterhole, Bribie Island 
 
This is a freshwater hole with fringing dense reed vegetation up to 2 m in height and 
mudflats that is bordered by road and housing on one side and tidal sand bars, 
mangroves on the other. 
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Lake Samsonvale, Dayboro 
 
Lake Samsonvale is a freshwater lake with fringing dense reed vegetation up to 2 m in 
height. 
 
Minnippi wetlands 
 
(1 & 2) Freshwater wetlands with dense invasive tarot vegetation up to 1 m in height, 
tall grasslands and reed patches up to 1 m in height. 
 
